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zero adjusting screw; hand pump for applying the pressure; rodding 
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brush for cleaning the glass tube. Each bowl is calibrated and stamped 0.99 CU. FT. 
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Dios the entire week 
ime 26, the Society’s Fifty-Third 
al Meeting will be under way in 
tie City. In conjunction with this 
ng will be the Ninth Exhibit of 
sa Apparatus and Related Equip- 
and the Society’s Seventh Photo- 
de Exhibit and Competition. 
information on these exhibits is 
on the following page. 
members and committee members 
oossibly can should plan to get to 
tic City sometime during the week. 
my important technical contribu- 
are in course of development, and 
pril BULLETIN will give many more 
s. Some information on sympo- 
; and sessions appears in the par- 
hs which follow. The meeting will 
table among other things for the 
ntration of discussion on metals for 
t elevated temperature service. 


tainment and Social: 


e Philadelphia District is again 
z as host for the meeting, and will 
some social events for everyone 
ling a specific program of ladies’ 
tainment. Based on the experi- 


with the 1949 meeting, also at 
tic City, the committee has plans 
> way for events that will be very 
sting—further details later. 

e Philadelphia District Council is 
ng monthly meetings from now on 


{OTE THE WEEK OF JUNE 26 


eryone who reads this note is urged 
mark the week of June 26 on his 
endar and plan to be in Atlantic 
y. Attendance at the technical 
sions, exhibits, and other events 
will be amply justified. 


ary 1950 


R. E. Hess, Editor 


Plans Under Way for 53rd Annual Mectinat 
Week of June 26 | 


Apparatus and Photographic Exhibits Will Also Be in Atlantic City 


to complete its plans and to put into 
effect the various projects. 


Technical Sessions: 


Although plans are not complete, 
the following symposiums are scheduled 
for the technical sessions: 

Symposium oN Errecr or SIGMA 
PHASE ON THE PROPERTIES OF METALS 
AT ELEVATED TEMPERATURES, AND 
SYMPOSIUM ON CORROSION AND EROSION 
oF Gas TurBINE MaTrertats.—Spon- 
sored by the Joint Committee on Effect 
of Temperature on the Properties of 
Metals. 

SYMPOSIUM ON SAMPLING OF BULK 
MAaTERIALS.—Sponsored by Committee 
E-11 on Quality Control of Materials. 

SYMPOSIUM ON THE ROLE oF Non- 
DeEstTRUCTIVE TESTING IN THE Eco- 
NOMICS OF PRopuUcTION.—Sponsored by 
Committee E-7 on Non-Destructive 
Testing. 

Symposium ON Merruops oF TESTING 
Sorts Unper TrraxtAL LOADING AND 


The Sea, Sand, 

Boardwalk, Flowers 

and People at At- 
lantic City 
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otion of Knowledge of Materials of Engineering, and Standardization of Specifications and Methods of Testing” 


CABLE ADDRESS—TESTING, Philadelphia 


FEBRUARY, 1950 


SYMPOSIUM ON IDENTIFICATION AND 
CLASSIFICATION OF Sorts.—Sponsored 
by Committee D-18 on Soils for Engi- 
neering Purposes. 

There will be other technical papers 
presented covering varied subjects of 
interest. 


Marburg Lecture: 


At the Annual Meeting this year, the 
Marburg Lecture will be presented by 
D. Wallace R. Brode, Associate Direc- 
tor of the National Bureau of Standards. 
He will speak on spectroscopy as allied 
to testing and analysis of materials. 

Dr. Brode, formerly Professor of 
Chemistry, Ohio State University, is a 
member of A.S.T.M. Committee E-2 on 
Emission Spectroscopy and Chairman of 
the Committee on Application of Spec- 
troscopy to Chemistry, National Re- 
search Council. He has recently ac- 


cepted the temporary chairmanship to 
effect organization of the new Committee 
E-13 on Absorption Spectroscopy. 


; y 


Airview of Chalfonte-Haddon Hall, and Surrounding Area 


Large Variety of New Testing and Scientific Instruments to 
Be Shown at 1950 Apparatus Exhibit at Atlantic City 


Leading Companies to Participate 


If THERD is one thing cer- 
tain about the testing and evaluation of 
materials and advancement of research 
it is that progress is being made con- 
stantly. New and improved methods 
and procedures for evaluating materials 
and products are constantly being de- 
veloped in A.S.T.M. and throughout 
industry, all of which calls for new and 
better instruments and apparatus. This 
fact is one of the reasons why every 
member who can should plan to spend 
some time at the 1950 Exhibit of Test- 
ing Apparatus and Related Equipment 


to be held during the week of the An- 
nual Meeting at Chalfonte-Haddon 
Hall in Atlantic City June 26-30. 
Leading companies in the instrument 
and laboratory supply field are par- 
ticipating and will have much new equip- 
ment on display—many items for the 
first time. 

During this week also, adjacent to 
the apparatus exhibit, will be the 
Society’s Seventh Photographic Exhibit. 
This will feature outstanding prints 
relating to the general subject, ‘“Ma- 
terials, Testing and Research.” A com- 


Recent Actions of the Standards 
Changes Effected in Wire, Oxychloride Cement, Rubber, 


|B ake the months of 
December and January the Society’s 
Administrative Committee on Standards 
approved new tentatives and changes 
on existing standards as shown in the 
accompanying table. Some notes on 
the individual items voted on appear 
below. 
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Materials Standards 


Wire: 

Revision of Specifications for Zine- 
Coated (Galvanized) Iron Telephone 
and Telegraph Live Wires (A 111 — 43) 
and the preparation of the new specifi- 
cations for Zinc-Coated (Galvanized) 
High Tensile Steel Telephone and Tele- 
graph Line Wire (A 326 — 50 T) were 


Ao TM =BUrL E EEN 


mittee of men in the Philadelphia And 
headed by L. Drew Betz as chairm 
is directing the photographic exhih 


A.S.T.M. technical committees are spqp 
soring various sections in this exhihij: 


APPARATUS EXHIBIT 


From its inception, the theme has bee 
technical and scientific one with emph 
sis on new developments that will be) 
interest to the members and the lar 
numbers of visitors at the exhibit. — 
past years, many new instruments aj 
much equipment have been first deme 
strated at these shows, and this will hd 
true for 1950. Testing machines of 
kinds will be on display. There willl 
glassware and laboratory metalwai 
lines and several companies will s 
new types of electrical equipment 7 
rapid chemical and physical measuh) 
ments, including stress analysis 4 
dynamic testing. It is believed tk 
time spent in the exhibit will be w 
repaid. Exhibitors and their repaiae 
tatives, many being members, will 
glad to furnish full information abe 
their products on display as well |; 
other lines and at the same time ¥) 
solicit suggestions from exhibit visitey 


AN EXTENSIVE NEWS 
| ACCOUNT OF A.S.T.M. 
| COMMITTEE WEEK WILL 


APPEAR IN THE APRIL A.S.T.M.4 


| BULLETIN. 


Committee 


Plastics, and Bituminous | 


undertaken in order to keep pace wi 
commercial developments. The adv 
of heavier weights of zine coating andy 
relatively high strength low resisti 
telephone wire made it desirable 4 
cover the developments. In order|} 
avoid confusion, the members of Ci} 
mittee A-5 on Corrosion of Iron ¢ 


February 191 


New Tentatives 


thods of: 

jampling Oxychloride Compositions 

_and Ingredients (C 239 — 49 T). 

jieve Analysis of Magnesium Oxy- 
chloride Compositions, Aggregates 
and Fillers (C 240 — 49 T). 

eve Analysis of ara Calcined 
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or: 
ine Coated (Galvanized) High Ten- 
sile Steel Telephone and Telegraph 
Line Wire (A 326 — 50 T). 


Revision of Tentatives 


ications for: 
Nonrigid Vinyl Chloride Plastics 
(D 744-44 T). 


Actions of A.S.T.M. Administrative Committee on Standards ; 
January, February, 1950 


Revision and Reversion to Tentative of 
Standards 


Methods of: 
Tension Testing of Vulcanized Rub- 
ber (D 412 - 41). 
Specifications for: 
Zinc-Coated (Galvanized) Iron Tele- 
phone and Telegraph Line Wire 


(A 111 - 43) 
Tentative Revision of Standard 
Method of: 


Test for Penetration of Bituminous 
Materials (D 5 — 49). 


Withdrawal 
A.S.T.M. Air Chamber Thermom- 
eter (A.S8.T.M. Reid Vapor Pres- 


sure Test) (31F) from A.S.T.M. 
Spec. for Thermometers (Ei 1-49). 


yelieved that a separate specifica- 
or the high strength grade should 
mulgated. The old “steel” grade 
onger being commercially speci- 
nd it has been deleted from the 
sed revision of A 111 — 43. The 
steel has been eliminated in the 
f this specification. 

new tentative and revised A 111 
oth appear in Part 1 of the new 
300k of A.S.T.M. Standards. 


stum Oxychloride: 


ause approximately 50 million 
feet of oxychloride cement 
g and marine decking are installed 
lly this is considered ample justi- 
n of the demand by architects, 
ers, contractors, and testing lab- 
ies that there be available accred- 
nethods of test for the required 
ials. The Tentative Method for 
ing Oxychloride Compositions and 
lients was developed by Commit- 
2 on Magnesium Oxychloride and 
lfate Cement to meet this de- 
Companion specifications, Ten- 
Methods for Sieve Analysis of 
esium Oxychloride Compositions, 
gates, and Fillers, and Tentative 
9d for Sieve Analysis of Plastic 
ed Magnesia, were also pro- 
ted. 
se will appear in Part 3 of the 
ook of Standards. 


inous Materials: 


tentative revision of Standard 
yd of Test for Penetration of 
inous Material (D 5 — 49), in 
when adopted, will restore the 
um time for the sample to be in the 
nt-temperature bath to that time 
original standard D 5-25. In 
m it allows a range of one-half 
so that the time of immersion is 
rom 1 to 14 hr. 


ary 1950 


Rubber: 


Standard Methods of Tension Testing 
of Vulcanized Rubber (D 412 — 41) have 
not been changed since the advent of the 
synthetic rubbers. Much investigation 
and refinement for obtaining better 
reproducibility of tension testing was 
done in connection with the Govern- 
ment’s synthetic program. To modern- 
ize the methods, in this revision these 
improvements were included, but be- 
cause further revision is contemplated 
and to avoid delay, the standard was 
reverted to tentative. 


Vinyl Chloride Plastics: 


Since nonrigid plastics are being used 
extensively for floor covering, decorat- 
ing purposes, and insulation material, 
it has been found necessary to revise 
Specifications for Nonrigid Vinyl Chlo- 
ride Plastics. The technology of these 
materials is still changing today and 


the Tentative consequently is being 
revised even though work is still pro- 
gressing in Committee D-20 on Plastics. 


Thermometers: 


The thermometer subcommittee of 
Committee E-1 believed it was not 
necessary to retain the A.S.T.M. air 
chamber thermometer (A.S.T.M. Reid 
Vapor Pressure Test Thermometer— 
31F.) as a standard thermometer since 
there are several available standard 
thermometers that are quite satisfactory 
for this particular use. The require- 
ments for this thermometer have accord- 
ingly been incorporated in the vapor 
pressure method (D 323) by Committee 
D 2, which committee is also agreeable 
to discontinuing specifying the use of 
Thermometer 31F. 


Committee on Cement Declares 
Airalon Acceptable 


_ In KeEprIne with the policy 
of the Society and its Committee C-1 on 
Cement, it is announced that the material 
known as ‘“‘Airalon” has been declared 
acceptable as an addition to the cements 
covered in Tentative Specifications C 
175 T and C 205 T. 

The recognition comes after completion 
of suitable tests and review of existing 
data by the committee. The present 
specifications mentioned above will in- 
clude, in their next revision, footnote ref- 
erence to this latest addition to portland 
cement. The material is known commer- 
cially as Airalon, manufactured by the 
Dewey & Almy Chemical Co., and consists 
substantially of hydroaromatic and fatty 
carboxylic acids, being derived from an 
alkaline process of paper manufacture 
and neutralized to make a water-soluble 
soap. ‘The acids, if regenerated from the 
soap, have an acid number of 150 to 160 


“Hematite and Ilmenite”—Second Prize Winning Photograph, Electron Micrograph and 
Photomicrographs Section, Photomicrographs Group (Ores and Minerals), in the Sixth 
A.S.T.M. Photographic Exhibit, by C. A. Rasor and E. J. Thomas, American Cyanamid 


Research Laboratory. 
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ly THE past few weeks 
some new compilations, manuals, and 
several parts of the 1949 Book of 
A.S.T.M. Standards have been made 
available. In addition to the 1949 
Marburg Lecture on Residual Stresses 


1949 Book of A.S.T.M. 
Standards —Progress Report 


Wirn more than one-half 
of a monumental task completed the 
Society is pleased to announce that 
Parts 2, 4, and 5 of the new 1949 Book 
of A.S.T.M. Standards have become 
available during these past weeks and 
are being shipped to members in accord- 
ance with instructions on file. 

Actually the whole job is nearer com- 
pletion than it first appears. Part 1 
will be finished at the printers as this 
BULLETIN goes to press, and the other 
two Parts, 3 and 6, soon will be ready for 
the printer; work on both of these has 
been progressing along parallel lines. 
Because of this, Parts 3 and 6 should 
appear in final form simultaneously 
sometime in March. 

Today, with the extension of Society 
work into new fields, the complete Book 
comprises about 8300 pages with over 
1580 A.S.T.M. Standards and Tenta- 
tives. To publish these in books of 
convenient size it was necessary to pub- 
lish the complete 1949 Book in six parts: 


Part 1 (On Press)—Ferrous Metals 
Part 2 (Now Available)—Non-Ferrous 
Metals 
Part 3 (March, 1950)—Cement, Re- 
fractories, Glass, Thermal Insulation, Con- 
oe Road Materials, Waterproofing, 
oils 
Part 4 (Now Available)—Paint, Na- 
val Stores, Wood, Adhesives, Paper, 
Shipping Containers, Building Construc- 
tion, Fire Tests 
Part 5 (Now Available)—Textiles, Soap, 
Fuel, Petroleum, Aromatic Hydrocarbons, 
Water 
Part 6 (March, 1950)—Electrical In- 
sulation, Rubber, Plastics 


Each Part has a detailed index with 
two convenient Tables of Contents, one 
listed by general materials, the other by 
numeric sequence of serial designations. 
The 1949 Book is bound in durable cloth 
with red backstraps trimmed in gold. 

Parts 1, 5, and 6 are $10 each; Parts 
2, 3, and 4 are $8 each; and all six parts 
are $54. To A.S.T.M. members for 
extra copies, Parts 1, 5, and 6 are $7.50 
each; Parts 2, 3, and 4 are $6 each; 
and all six parts are $40.50. 
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New Publications 


in Metals by William Marsh Baldwin, 
Jr., the Symposium on Metallography in 
Color, and the Symposium on Effects of 
Low Temperatures on the Properties of 
Materials, all of which have been fully 


described in previous BULLETINS, sor 
notes about the 1949 Proceedings, t 
Flat-rolled Steel Compilation, the 
ual on Fatigue Testing, Special Cou 
pilations, and other items appear be oi 


] 
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Manual on Fatigue Testing 


Tue Manual on Fatigue 
Testing, prepared by Committee E-9 on 
Fatigue, is now in print. The purpose 
of the Manual is to supply information 
to those setting up new laboratory 
facilities, to aid in operating the equip- 
ment properly, and to offer advice on 
presentation and interpretation of data. 
The section on Symbols and Nomen- 
clature for Fatigue Testing defines all 
terms (and their corresponding sym- 
bols) that are likely to be found in fa- 
tigue testing. The symbols used are 
those wecommended by the American 
Standards Association. 


The section on Fatigue Testing Ma- 
chines classifies them as to (1) type of 
load, (2) type of stress, (3) design char- 
acteristics, and (4) operating character- 
istics. More than 30 illustrations aid 
in showing the differences in the various 
types of fatigue testing machines, as 
well as those used by many pioneers 
in the fatigue field, such as Moore, 
Krouse, Purdue, Sonntag, Schenck, 
Amsler, and others. This section con- 
tains more than 120 references. 


The section on Specimens and Their 
Preparation presents information on 
various types of specimens, both metallic 
and nonmetallic, with detailed instruc- 
tions for polishing them. 

The Test Procedure and Technique 
section discusses such things as planning 
tests, selection of fatigue machines, se- 
lection of samples and preparation, and 
measuring specimens. The presenta- 
tion and interpretation of fatigue data 
are summarized in two separate sections 
which describe general considerations in 
presentation and interpretation of data 
obtained from three different types of 
tests designated as material type, struc- 
tural type, and actual-service type. 

This 82-page Manual concludes with 
a bibliography which contains more than 
fifty references, although not intended 
to be complete on the subject of fatigue 
testing. 

Copies of STP 91 can be obtained for 
$2.50 (cloth cover, $3.15); Members 
price is $1.85 ($2.50 for cloth cover). 
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Compilation of Specificatic 
for Steel Flat Products 


CommitTeEe A-1 on St# 
is sponsoring a new publication titl 
“A S.T.M. Specifications for Steel Fil 
Products,”’ intended primarily to Hf 
sent in a convenient form for referer 
the various <A.S.T.M.  specificatiaj 
pertaining to steel plate, sheet, a’ 
strip materials. 

It includes specifications for steel fi 
products for structural purposes and i 
boilers and pressure vessels prepared | 
Committee A-1 on Steel; also specifica) 
tions for corrosion-resisting steel f 
products developed by Committee A-y 
on Iron-Chromium, Iron-Chromiuy 
Nickel and Related Alloys. To mai 
the volume more complete there are a. 7 
specifications for wrought iron pla! 
and sheet, prepared by Committee 4! 
on Wrought Iron, and for metal? 
coated iron and steel sheets, under #/ 
jurisdiction of Committee A-5 | 
Corrosion of Iron and Steel. 

Many of the specifications in til 
compilation are incorporated in 4 
A.S.M.E. Boiler Construction Cc? 
and the specifications for structui 
purposes have widespread individi 
use. H 

The publication comprises approt! 
mately 200 pages and is expected to ( 
available during March, 1950. Ty 
price will be $2.25 list, ‘and $1.75 
A.S.T.M. members. i 


1949 Proceedings | 
Aggregate 1200 Pages | 


Tue 1200-page Proce 

ings for 1949, Vol. 49, which include \t 
of the reports of the technical comm} 
tees and a large number of techni 
papers, will go in the mails short 
This book represents one of the va 
tangible and important assets of me) 
bership in A.S.T.M. It is sent to ev 
member, whether individual, compat 
or sustaining. 
The difficulty of reviewing adequat} 
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)0-page book is obvious, but some 
al material should be noted. One 
le part is the Edgar Marburg Lec- 
on “‘Residual Stresses in Metals” 
rof. W. M. Baldwin. There are 
rous technical papers in the field 
‘rous and non-ferrous metals, and 
al dealing with cement, soils, plas- 
nd other subjects in which mem- 
re vitally interested. 
e first 500 pages of the volume are 
ed to committee reports including 
f the Board of Directors, and its 
istrative Committees. Several 
ts have technical appendices, for 
le—discussion on the effect of 
er on the initial corrosion rate of 
zinc; cooperative tests on rela- 
ip of strength of mortar to that of 
ete; surface preparation and re- 
ing of structural steel; and others. 
st of the technical papers were pre- 
d for distribution prior to their 
tation at the Annual Meeting so 
many members have seen these 
-s in that form, but a number were 
reprinted, as follows: Effects of 


Temperature and Material Structure on 
the Fracture Properties of Medium- 
Carbon Steel, by -Julius Miklowitz; 
Dynamic Creep and Creep Rupture 
Properties of Temperature-Resistance 
Materials Under Tensile Fatigue Stress, 
by B. J. Lazan; Long Time Tests of 
Concrete Containing Cements of Types 
I, HU, and III Under Various Storage 
Conditions, by W. J. McCoy and S. B. 
Helms. 
Discussion 

One of the important features of the 
Proceedings is the discussion of the 
papers and sometimes reports. These 
discussions by various authors fre- 
quently bring out much additional infor- 
mation not given by the author, and 
sometimes they present additional sup- 
porting evidence, or, as frequently is the 
case, they may include a word of cau- 
tion on certain interpretations. 

To facilitate easy reference to sub- 
jects, there is a detailed subject index 
and an index of authors. Bound in 
dark blue cloth, this Proceedings follows 
the same style of previous years. 


cia Groupings of A.S.T.M. Standards 


ral Steel, Magnetic Materials, Portland Cement Analysis, Concrete Units, Textile 


itions, Thermometers. 


THE Society has issued 
P compilations of A.S.T.M. Stand- 
in the form of pamphlets which in 
} only a limited number of standards 
very restricted field—structural 
for instance, in the over-all mate- 
field of ferrous metals. Descrip- 
of some of these special printings is 
. below. 
Wed Structural Steel.—Structural 
eers, purchasing agents, producers, 
others who operate within the field 
led structural steel should find 
34 pages of 10 standards handy 
sady reference. 
e included specifications are for (1) 
-al delivery requirements for struc- 
_rolled-steel plates, shapes, and 
(2) bridge, building, silicon, loco- 
ve, ship, rivet, high-strength rivet, 
low-alloy structural steels; (3) 
and intermediate tensile strength 
m-steel structural plates; and 
w and intermediate tensile strength 
m-silicon steel for machine parts 
general construction. 
ddle-stitched and punched, the 
T.M. Specifications for Rolled 
‘tural Steel’ sells for $1.00. 
wgnetic Materials —This collection 
ven standards (54 pages) is con- 
nt for builders and users of electri- 
pparatus which incorporates steel 
s design, the steel producer, re- 
h institutions, consulting engineers, 
standardizing groups. Specifi- 
included are general methods for 
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testing magnetic materials; definitions 
and terms; tests for normal induction, 
permeability, hysteresis, a-c. core loss 
and permeability of feebly magnetic 
materials; general tests for electrical 
and mechanical properties of magnetic 
materials; and general specifications for 
flat-rolled electrical steel. “A.S.T.M. 
Standards on Magnetic Materials’’ is 
priced at $1.00. 

Portland Cement—Chemical Analysis. 
—Standard and tentative methods of 
chemical analysis of portland cement 
and information on analytical balances 
and weights are bound together for the 
convenience of those in the cement indus- 
try who are interested mainly in the 
analytical chemistry of cements. There 
are 58 pages of “A.S.T.M. Methods of 
Chemical Analysis of Portland Cement” 
and its price is 50 cents. 

Concrete Masonry Units ——Designed 
for the manufacturer of brick and tile 
products, slate or municipal highway 
and public works departments, civil 
engineers, chemical manufacturers, and 
others who use large quantities of ma- 
sonry units, this grouping of six stand- 
ards satisfies a specific group. 

In addition to methods of sampling 
and testing masonry units in general, 
there are specifications for hollow load- 
bearing, hollow nonload-bearing, solid 
load-bearing and manhole and catch 
basin, concrete masonry units. Speci- 
fications for concrete building brick are 
also included. 
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The 13-page “A.S.T.M. Specifica- 
tions for Concrete Masonry Units” sells 
for 75 cents. 

Textile Definitions and Glossary.— 
Special meanings of terms used in the 
textile industry, a rather complete list 
of various man-made and natural fibers 
available in commercial quantities, 
a glossary of textile terms which aids in 
the intelligent use of the industry’s 
language, definitions and photographs 
of textile defects and definitions of 
fabric terms, and a recommended yarn- 
construction practice are saddle-stitched 
together to provide a convenient means 
of promoting better understanding 
among the various groups associated 
with the textile industry as to its no- 
menclature and interpretations. ‘“A.S.- 
T.M. Definitions and Glossary of Terms 
Relating to Textile Materials” (38 
pages, punched) is priced at 50 cents. 

Thermometers—Since the accurate 
measurement of temperature is fre- 
quently important in many A.S8.T.M. 
methods concerned with all materials 
engineering fields, specifying, testing, 
and standardizing of suitable thermom- 
eters are of universal importance. 

All these problems are answered in the 
57-page “A.S.T.M. Standards on Ther- 
mometers.” Sidewire-stitched and cov- 
ered with heavy manila paper, the col- 
lection is 75 cents. 


Reprint Available — 
Preparation of 


A.S.1.M. Papers 


MeMBERS, espe- 
cially committee officers and pros- 
pective authors of papers for pos- 
sible A.S.T.M. publication, will be 
interested to know that the Society 
is offering separate reprints (free 
on request) of an article, ‘“A.S.- 
T.M. Papers—Their  Prepara- 
tion, Acceptance, and Publica- 
tion,” which appeared on page 
38 in the January, 1950, ASTM 
Buuuerin. The article by G. R. 
Gohn, R. C. Adams, and K. B. 
Woods was specially prepared 
for and printed on the authority 
of the Administrative Committee 
on Papers and Publications. 

For those who would like a per- 
| sonal copy of this explanation of 
| what the Society will publish, 
who can write it, how it should be 
written, who reviews it, and 
| where it will appear in print, the 
| article has been made available as 
a reprint. 
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NINETEEN-SIXTEEN 
RACE STREET 
PHILADELPHIA 3, PENNA. 


Durine the past year, 
our A.S.T.M. members have done a 
great deal of work to aid the A.S.T.M. 
Committee on Membership, which is a 
subcommittee of the Board of Directors. 
There are various phases of the work, 
but those which have greatly impressed 
us are the contacts made by our mem- 
bers, largely through letters in telling 
prospective companies and individuals 
what our members think about the 
benefits of membership. The following 
excerpts from copies of many fine letters 
in the Membership Committee files at 
Headquarters point up various aspects 
of why A.S.T.M. membership may be 
advantageous. Note that these ex- 
cerpts stress different phases of mem- 
bership indicating that to one member 
standardization may be of paramount 
significance, to another the personal 
contacts, and to another keeping in 
touch with trends, etc. 


Participation in Development of Specifica- 
tions; Research: 


“The A.S.T.M. is, as you probably 
know, recognized as the basic materials 
specification making body. Most state 
and many Federal specifications are de- 
rived from or based upon A.S.T.M. speci- 
fications. 

“In so far as specifications themselves 
are concerned, information or current 
requirements can be often obtained from 
several sources. The A.S.T.M. member 
has several added advantages. He partic- 
ipates in the development of specifica- 
tions, understands the basic reasons of 
various requirements, gets the viewpoints 
of both producer and consumer interests 
on the committees, and is able to influence 
and promote specifications that are usable 
by, and equitable for, all concerned. Algo 
he has advance information as to the 
direction new specifications are going. 

“As a member of the Administrative 
Committee on Research it has been a 
privilege to see the broad coverage in 
research accomplished by the Society, not 
alone through its own committees but 
also through its many connections with 
other research groups. 
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Advantages of A.S.T.M. Membership 


“The Society is a leader in promoting 
knowledge of the evaluation and applica- 
tion of engineering materials.” 


Frequent Contacts and Personal Develop- 
ment: 


“Tt seems to me that one of the main 
benefits of A.S.T.M. is the personal con- 
tacts and discussions at the annual meet- 
ings and at the committee week meetings. 
These contacts, together with active partic- 
ipation in the work of subcommittees, 
are very stimulating and serve to keep 
one much better abreast of the latest 
development in testing methods and speci- 
fications than is possible in any other way. 
As a result one gains advanced information 
regarding developments in the fields of 
testing and specifications. Although the 
A.S.T.M. meetings are conducted in a 
very businesslike manner, they afford 
some opportunity for relaxation and the 
annual renewal of friendships has proved 
a great satisfaction to me. It is generally 
accepted that the work of the Society is 
essential to American industry and that 
its benefits extend to all phases of industry. 
It seems to me that all of us should lend 
support to an organization that is working 
for our benefit.” 


Keeping Up with the Times: 


“Apart from being in a technical society 
of high standing, membership in A.S.T.M. 
is invaluable for the standards and speci- 
fications which it issues. Not only are 
these specifications made available to you 
but by joining the committee which 
represents your particular industry you 
have the opportunity to partake in the 
formulation of these specifications which 
affect you. This permits you to keep 
your ear to the ground and spot trends 
before they are otherwise apparent.” 


Business Advantages: Reception of Techni- 
cal Papers: 


“T would strongly urge you to present 
the advantages of membership in this 
Society to your management. I can 
truthfully say that it has been the most 
useful, in a business sense, of the Technical 
Societies to us. The standards published 
by the Society are generally used in 
industry. The committee meetings and 
discussion which lead to these standards 
are most informative and rank with the 
best of the technical sessions held by any 
society. Your presence at these com- 
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mittee sessions would not only be informy 
tive but would be useful to your busine 
in helping to shape the standards in } 
most desirable way. The Society itses 
wishes to have the fullest possible rep 
sentation of producer and consumer pre 
ent at these discussions. | 

“Tn addition to this work of setting y 
the standards, the Society presents 2 ; 
publishes a great number of technic; 
papers. This activity is necessary ; 
make available the latest developmeny 
and thoughts on various subjects so thé 
members will have information necessan; 
to arrive at standards when the need ff 
them may arise.” 


It is frequently said that the be 
asset of the many held by the membe 
ship committee is the A.S.T.M. mene 
bers themselves. The efforts of on 
members to promote interest in th 
Society has been probably the moi 
important single factor in a steady mer: 
bership growth and the continued heii 
of our current members will insure thil 
the curve of new members continuli 
upward. 


Standards in Advertising 


We ane pleased at tij 
many references to specific A.S.TDj 
standards in advertising and in sal 
promotion work. 

We believe such references are to 
encouraged for they serve to bring ¥ 
the attention of the user a better know 
edge of A.S.T.M. standards. Tint 
effort, and money are spent in deveic} 
ing specifications and tests which ej 
based on extensive research work. “} 
achieve maximum benefits from all 
this, the standards should be appli} 
as widely as possible and the type @ 
reference noted contributes to this. 

Recently we noticed in a leading buy 
ness journal a full-page advertisemuy 
with picture of the product covered aif 
in very large type the statement 
MEETS ASTM SPECIFICATION} 
305. The copy explained what th 


product and the company producing 
What went through the mind of eat 
person seeing the ad we would not pf 
sume to answer. But it is to be # 
sumed that each of the many thousawh 
who did see the advertisement took 
granted that “It must be a qual 
product.” Of course, this is a primi 
reason for using A.S.T.M. specifi 
tions—the assurance that if the pr 
uct complies it is at a very defini 
satisfactory level of quality. 

Perhaps our members and others ¢P 
cerned with our work might suggest 
advertising and sales executives t§ 
appropriate reference to A.S.T|q 
standards from time to time wo® 
have specific advantages. 
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: Standards Spearhead Advances in Power and Valve Casting lnduberies 


Tue use of A.S.T.M.stand- 
for spectacular engineering works 
as a huge building or bridge or a 

oth concrete dam, while very 
tant, may not be the most signifi- 


use of our standards. The great 
cance of standard test methods 
specifications in spearheading re- 
has been the subject of a series of 
esinthe Buttetin. Theseries has 
with relation of standards to 
ch in such fields as gaseous fuels 
ary ASTM Butterty), paints and 
materials, knock testing of fuels, 
thers. Below is a brief description 
long-time A.S8.T.M. member, who 
authority in his field, involving 
se of materials for high temperature 
e. 
e purpose of these articles is to 
ight this facet of the use of stand- 
which, it is believed, has not been 
considered and evaluated before. 
re apt to think of test methods and 
cations largely from the stand- 
of insuring quality, expediting 
ry, insuring reproducibility of 
cts, etc. Unquestionably the use 
ndard test methods in research is 
alculable influence in the develop- 
of new and improved products in 
esearch laboratory. 
ie writer of the case history below, 
Bolton, Director of Metallurgical 
arch and Testing, The Lunken- 
er Co., is widely known for out- 
ling work in his field. A member of 
7 A.S.T.M. technical committees, 
ly A-3 on Cast Iron, A-1 on Steel 
ts Subcommittee XXII on Valves, 
ags, and Piping for High Tempera- 
Service, and Committee B-5 on 
ver and Copper Alloys, he also 
‘or many years been active in the 
of the Joint A.S.T.M.-A.S.M.E. 
mittee on the Effect of Temperature 
1e Properties of Metals. He was 
number of years secretary of that 
nittee. This case history, brought 
e attention of the A.S.T.M. Com- 
e on Developmental Activities, is 
a field in which the Joint Commit- 
nd Subcommittee X XII of A-1 have 
pioneering work. Mr. Bolton is a 
ber of the A.S.T.M. Administra- 


for previous case histories of significance of A.S.T.M. standards in 


f Fuels: October BULLETIN, p. 13, Cathode Specifications; 
Mee 15. Gascous F Sco future ASTM BULLETINS for a 


N, p. 19, Gaseous Fuels. 
e. 
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Another Case History 


High-Temperature Creep Test Plays Important Role 


tive Committee on Research, and a 
contribution to a recent nontechnical 
activity has been his service as chair- 


man pro tem of the Ohio Valley District, , 


recently formally organized. 
Research on Materials for High- 
Temperature Service 

By J. W. Bolton 

Although the Society does not include 
test requirements for elevated tempera- 
ture properties of metals in its specifica- 
tions, it has made available some recom- 
mended test methods. Among these is 
EK 22, Recommended Practice for Con- 
ducting Long-Time High-Temperature 
Tension Tests, first published in 1933 as 
an outgrowth of several years of coopera- 
tive study. Prior to that time there 
had been great variations in techniques, 
and, in some cases, quite unreliable 
test data had been provided the engi- 
neering public. In the studies men- 
tioned, testing variables were ferreted 
out, and procedures for accurate testing 
were established. The 1941 revision was 
and is helpful toward even more accurate 
and reliable testing procedure. 

At the time of the original studies in 
the Joint A.S.T.M.-A.S.M.E. Research 
Committee on the Effect of Tempera- 
ture on the Properties of Metals, the 
central power stations used in industry 
were beginning to go to 900 F. operation, 
as contrasted to the 750 F. operation 
common say to about 1928-1929. Long 
time tensile strength or ‘‘creep strength”’ 
is of relatively little moment, design- 
wise, up to about 750 F., since useful 
working stresses at that temperature 
need be but slightly less than those 
applicable at room temperature. As 
temperature is increased, however, the 
drop in safely usable working stresses 
becomes increasingly rapid, up to and 
including operating temperatures of 
1050 F. In some stations placed in 
operation within the last two years 
2100 psi. steam is handled at 1050 F. 

A.S.T.M. Recommended Practice E 
22 is a test method without which 
development, evaluation, and applica- 
tions of materials for safe usage under 
such conditions would have been impos- 
sible. Without this and other evalua- 
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tive tests the cited advances in the power 
industry would have been impossible. 

Similarly, in the cast-bronze alloys 
field the A.S.M.E. once proposed rating 
the alloy for steam or bronze valve 
castings, A.S.T.M. Specification B 61 
and A.S.M.E. Boiler Code Specifica- 
tion SB-61, at 406 F. This would have 
greatly restricted the applications of 
bronze valves. Evaluations by means 
provided under E 22 led to up-rating 
that alloy as suitable to 550 F. 

From the preceding it is evident. 
therefore that this Recommended Prac- 
tice EK 22 is among test procedures whose 
development within the Society has had 
far-reaching engineering and industrial 
significance. We here at The Lunken- 
heimer Company have been enabled to 
evaluate our new materials researches 
by test methods among which E 22 is 
important. 


Calendar of Society Meetings 


American Society for Testing Materials— 
Committee Week, February 27—March 3, 
Hotel William Penn, Pittsburgh, Pa. 

Soctmty or Puastics Inpustry—Spring 
Conference, March 2-4, Hotel Del Coro- 
nado, San Diego, Calif. 

InTER-Socitety Coitor Councit—Annual 
Meeting, March 8, Hotel Statler, New 
hVorkw Nie 

AMERICAN RAILWAY ENGINEERING ASSOCIA- 
Tion—Annual Meeting, March 14-16, 
Palmer House, Chicago, III. 

StreL Founpgers’ Socipry or AMERICA— 
Annual Meeting, March 21-22, Edgewater 
Beach Hotel, Chicago, Ill. 

Soctnty ror AppLirp Specrroscopy—April 
4, 1950, Socony Vacuum Training Center, 
New York, N. Y. (Speaker: R. H. Bell, 
Chairman E-2 Subcommittee on Funda- 
mental Methods). 

AMBRICAN CHEMICAL Soctnry—National 
Meeting (Divided), March 26-30, Houston 
Tex.; April 9-138, Philadelphia, Pa.; 
April 16-20, Detroit, Mich. 

AmBRICAN Society or Mecuanicat Enci- 
NEERS—Spring Meeting, Week of April 10, 
Hotel Statler, Washington, D. C. 

AMERICAN Crramie Socipry—52nd Annual 
Meeting, April 23-27, Hotel Statler, New 
York, N. Y. 

AMERICAN FoUNDRYMEN’S SoctpTy—54th 
Annual Convention and Exhibit, May 
8-12, Public Auditorium, Cleveland, Ohio, 

American Society for Testing Materials— 
58rd Annual Meeting and 9th Exhibit of 
Testing Apparatus and Related Equip- 
ment, June 26-30, Hotel Chalfonte-Had- 
don Hall, Atlantic City, N. J. 


spearheading research see: September BULLETIN, p. 15, Knock 
December BULLETIN, p. 19, Paint and Varnish; January BUL- 
dditional case histories from the files of the Developmental Com- 
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Financial Highlights —Calendar Year 1949; Notes on 


1950 Budget 


WuiLE a detailed report 
of the financial operations of the Society 
during 1949 will be included as custom- 
ary in the next Annual Report of the 
Board of Directors, some interesting 
highlights are here excerpted from the 
report submitted by the Executive 
Secretary to the Board at its meeting on 
January 17, 1950. 


1949 Operating Receipts: 


The accompanying table shows 
operating receipts for the past three 
calendar years. Receipts for 1949 were 
slightly under those for 1948, accounted 
for in part by there being no exhibit in 
1949, and the fact that sales of the 1946 
Book of Standards were naturally lower 
in the third than in the second year 
following publication. Also there were 
fewer compilations of standards issued. 
Advertising in the BULLETIN was up 
sharply, due to the publication of 7 in- 
stead of 6 issues and an increase in 
advertising rates that became fully 
operative last year. Increase in re- 
ceipts from dues reflects the net increase 
in Society membership, which was 
slightly over 2 per cent. 


1949 Operating Disbursements: 


Operating disbursements totaled 
about $491,000, which is an all-time 
high. As usual, publications and sal- 
aries together account for close to 80 
per cent of all disbursements. Expendi- 
tures for publications were up over 1948, 
largely because a big share of the costs of 
the 1949 Book of Standards is being 
paid from 1949 income. There is also 
reflected in this figure some increase in 
costs of printing. The increase in 
salaries reflects increases in the salary 
scale effective during 1949, and an in- 
crease in the size of the staff from 50 to 
53. The ratio of salary roll to total dis- 
bursements, namely 35.1 per cent, com- 
pares with an average for the past five 
years of 34.8. 

The item of headquarters’ occupancy, 
plus the portion of salaries chargeable 
to building management, is equivalent 
to rent, and amounts to about $2 per 
square foot. This compares with Phila- 
delphia office rentals in downtown loca- 
tions and for comparable facilities of $3 
a square foot and up. 


Favorable Operating Balance: 


For 1949 there was a favorable operat- 
ing balance of just over $11,000. 
Operating balances or deficits for the 
past four years are as follows: 


LO4O Ses aS — $27 911 
LOC etch yee e. aw I883 
1948. + 61 127 
Ae eo a eee ae Wb lay 
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Net Surplus: 
The net surplus on December 31, 


1949, was $219,235, which is about 45 . 


per cent of current annual operating dis- 
bursements. It is the feeling of the 
Board of Directors that the Society’s fi- 
nancial position would be much stronger 
if these net reserves were at least 
equal to one year’s operations; in other 
words, that the ratio just mentioned 
should be at least 100 per cent. The 
Board is giving consideration to this 
problem. 

The growth of Society activities in the 
past decade, coupled with the influence 
of greatly rising costs, is seen in the fact 
that in the last decade Society disburse- 
ments have approximately tripled. In 
this same period the net surplus has in- 
creased a slightly lesser percentage, 
approximately 2.7 times. 


Charts: 


The charts here published give a 
graphic presentation of the source of the 
income dollar and how it was used. In 
the latter chart such expenses as 
salaries, general office expense, equiva- 
lent rent, and other overhead items have 
been apportioned to the major lines of 
activity shown in the chart. 


1950 BupGet 


In the budget for 1950, current in- 
come was placed at $560,000, made up 
of dues and entrance fees of $205,000, 
publication sales $301,000, miscellaneous 


provision for publishing most of J 
papers presented at the Pacific Ar 
National Meeting last October, as wa 
as full provision for all regular and 
number of special publications. It aly 
includes the allotment of $40,000 ; 
current income toward the reserve f | 
publishing the 1952 Book of Standard: 
It will be seen that a favorable oper 
ing balance of $10,000 is expeet 
Whether this will be realized is depe; 
ent upon many factors which can on», 
be approximately allowed for. T 
foremost of these factors, of course, } 
the influence of business and econom 
conditions on membership growth arg 
sales of publications. With respect 
both of these items it is believed th 
the budget is conservative. 
The Finance Committee will, 
course, review receipts and disburs} 
ments quarterly and will make suj 
modifications in the budget as may / 
required. 


Miscelloneous | 
qnverest 
Sales of Publications ; 


xo 
es 50.44 


pov 


1949 


Income Dollar-————> 


Development and 
Publication of Standards 
and Reports 


38.7¢ 


items $54,000. Estimated disburse- Research 
2 5 % Papers and | 
ments are $550,000, made up of publica- Discus 
. . . . urplu: . roceed! 
tion costs of $244,000; salaries including SUP SE and Bulletin: 
such expansion as required, $186,500; mdrminairaivelsccensess % oe 
and general office expenses, committee Meetings, Membership, \%19, 
Sales, Publications, etc. Cn 
and meeting expenses, and __head- er 30.8¢ C255 %, 
quarters and miscellaneous $119,500. Income Dollar 
The budget for publications includes Was sUsed 
OPERATING RECEIPTS 
Source 1949 1948 1947 
Per Cent Per Cent Per Ci 
DWE s occ koo ocaeeldn abot. $202 782 40.4 || $199 892 38.6 | $144 431 | 33. 
Sales of Publications............. 253 127 50.4 269 952 51.5 251 708 58. 
Miscellancous HOOD We coco cia g tat | 
VIER LISIN OA tra terrae a ee 27 470 19 750 
Interest and Dividends......... 8 849 6 991 % 968 
Registration Hees...:...5..2... Um 35) 6 623 5 054 
RUIDIGRE Eric omtonte nee a Dak cone a 9 665 : She als 4 
—Total Miscellaneous.............. 46 139 9.2 50 711 9.9 31 925 er 
7 OMA EVM OME TS ui sy mcaneeienian $502 048 100 $520 555 100 $428 064 100 


OPERATING DISBURSEMENTS 


Item 1949 


we 1948 1947 
iow Per Cent Per Cent Per C 
Publications. Eafe 1a WO neh’ MUTE RE HERD OO OSE 4l. $196 880 42. $195 617 15 
ear ce eer a i 35.1 154 274 33.6 144 601 33 IF 
nera epbixpenses) a asen ‘ t 
Breen es ane Technical and os ager os ae mM 
istrict Committees............ 28 291 5.8 26 890 5.8 5 | 
Headquarters Occupancy......... 17 694 3.6 17 267 3.8 ts at 3): 
Miscellaneous, Including 
Retirement. ................... 24 950 551 23 206 seal 20 696 4). 
Tora DIsBURSEMENTS.........| $490 871 100 $459 427 100 $430 397 100) 
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dent Prize Award Plan Renewed 


pers Can Underwrite Student Membership as Prize 


Prior to the war there 

n effect at a number of technical 
ngineering schools a plan by which 
ing students in engineering and 
e who had done outstanding work 
tain classes would be awarded a 
nt membership in the Society, the 
or this being underwriten by some 
.M. member, frequently an alum- 
f the particular school. It has 
suggested that this plan, which be- 
largely inoperative during the war, 
blicized again. Full details of the 
are given in a special folder which 
e sent to any member on request, 
1ere, in essence, is the plan. 
member of the Society, by under- 
ng the cost of student memberships 
ver year) can arrange to have these 
1 to meritorious students as a 
oe of their work or interest in 
im courses which may tie in directly 
AS.T.M. activities. Usually the 
r will set up the arrangements at 
chool of his choice with the dean of 
veering or department head or 
sssor. In the past, awards have 
given for meritorious work in test- 
materials laboratory, courses in 
sical engineering, and in courses 
ving mechanics of materials. The 
at which the recipients are selected 
, depending upon the courses. 
stimes the student winners are ad- 
by faculty members at the school 
letter is sent out directly from 
r.M. Headquarters. 
is believed that everyone con- 
1d with this particular plan may 
‘e considerable benefit. The stu- 
by his membership gets the ASTM 
ETIN, he may request the Year 
<, can request reprints of technical 
rs and reports, and can procure a 
of special compilations of stand- 
at greatly reduced prices, or the 
yage Selected Standards for Stu- 
3 without charge. For example, if 
ants the compilation on petroleum, 
ay procure this at a charge of $2.25, 
yared with the list price of $5.50. 
ost cases the student price is about 
the member’s. The Society bene- 
yy having the young student engi- 
or scientist become acquainted with 
ork, and he is a potential future 
ber. Undoubtedly the school or 
rtment benefits by interest in the 
and from having meritorious stu- 
s receive this rather simple yet dis- 
ive recognition. 
s, even the donor should get con- 
able satisfaction from supporting a 
of this kind, realizing that the 
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benefits from it may be quite wide- 
spread. 

Forms describing the award plan will 
be sent on request with no commitments 
implied. While there has been no uni- 
formity in the number of awards under- 
written by members, frequently five has 
been the number a member would 
sponsor but it has varied from three to 
ten. Should the donor wish Head- 
quarters to make arrangements with a 
particular school rather than to handle 
the matter directly, this will be done 
gladly. 


Pertinent Reading 


“Tur extension of stand- 
ardization into fields not now covered— 
and there are several of these—should pro- 
ceed in an orderly way. The great crying 
need today is not to rush forward into an 
accelerated program of creating new stand- 
ards, but to accept in fact, not just in 
theory, the standards already on the 
books. 

“Tt is difficult for an engineer to resist 


the urge to bargain for something special, 
something not quite standard, in order to 
achieve some local need, fancied or real. 
It is even more difficult for the manufac- 
turer, in periods of low business activity 
to resist that request because not only does 
he need the business but also he does not 
wish to jeopardize the over-all and perhaps 
sizable order. The customer engineer, by 
winning from the manufacturer an agree- 
ment to something beyond the standard, 
may indeed take pride in this horse-trad- 
ing, feeling he has achieved some gain for 
his company by so doing. Nothing is 
farther from the truth. The inescapable 
result is an increase in costs. They may be 
hidden costs, impossible to totalize, but 
they are none the less real. They inevita- 
bly must be taken into account and play a 
part in establishing cost levels all out of 
proportion to their transitory worth. In 
this respect, manufacturers are at the 
mercy of the users of their equipment. 
The power producers who are anxious to 
keep investment costs down must not only 
encourage the establishment of standards 
but also must insist that their engineers 
abide by them. The final users pay for 
every successful attempt to sabotage either 
a manufacturer’s or an industry standard.” 


The closing paragraphs of an address by 
A. C. Monteith, Vice-President in Charge 
of Engineering and Research, Westinghouse 
Electric Corp., before the Annual Conven- 
tion of the Edison Electric Institute, Atlantic 
City, June 1, 1949. An adaptation of this 
article was published in Standards World, 
Autumn, 1949, entitled ‘‘Standardization— 
An Investment.” 


A.S.T.M. specifications have an important place in covering materials which go into a 
modern centrai station unit, such as the one shown here. It is the Sewaren Station of the 
Public Service Electric & Gas Co. of New Jersey. In the foreground is a Westinghouse 
105,000 kw. 1050 F. inlet steam temperature, 3600 rpm. tandem unit, with a similar 
General Electric unit in the background. Note the group of figures at the left to gain a 
concept of size. . ; ; ‘ ; 

Some of the construction materials used in those turbines for which A.S.T.M. has issued 
standards include steel plates, various types of pipe and tubes, the condenser tubes and 
plates, requirements for turbine rotors, generator shafts, etc., and other materials. The 
representatives of the power industry have contributed immeasurably to the advancement 
of the Society’s work in standardization and research. 
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District Activities 


Over 500 at Philadelphia District Meeting 


on Stress Analysis 


A HeEAvY attendance of 
over 500 greeted William T. Bean, Jr., 
Research Consultant on Stress Analysis 
when he gave his dynamic lecture in 
Philadelphia at the Benjamin Franklin 
Hotel on January 31. There was excel- 
lent representation from the A.S.T.M. 
members in the district, from A.S.T.M. 
Committee A-1 on Steel which held its 
meetings over the three-day period 
beginning January 30, and many mem- 
bers of the Society for Experimental 
Stress Analysis were present also. The 
meeting was a joint one sponsored by 
the A.S.T.M. District and the Philadel- 
phia Section of $.E.S.A. At the dinner 
preceding the technical session with 
about 180 present, District Chairman 
A. O. Schaefer introduced the officers of 
both societies and called upon A.S.T.M. 
President J. G. Morrow, who spoke 

_ briefly complimenting the district for its 
active program. Mr. Bean was intro- 


duced by another live-wire individual, 
F. G. Tatnall, who had developed the 
program, 

In his lecture which involved actual 
demonstrations of a great deal of equip- 
ment, some of it new, Mr. Bean re- 
peatedly emphasized that available 
stress-analysis equipment and materials 
can almost always do a better and faster 
job of determining stress distribution 
than can an analyst with any kind of 
mathematics. Even a brief résumé of 
his talk is virtually impossible because 
of the extensive ground covered, but he 
kept the attention of everyone present 
from the very beginning to the close. 

Mr. Bean is to give a somewhat simi- 
lar lecture in St. Louis at a joint meet- 
ing of that District with the Engineers’ 
Club of St. Louis. Anyone who can 
attend will be brought up to date on the 
latest equipment for stress analysis and 
related problems. 


Several District Meetings Scheduled 


Air Pollution, Electronics, Stress Analysis, Industrial Photography 


A NUMBER of the dis- 


tricts are planning local meetings, some 
in conjunction with other society chap- 
ters and sections. Following its very 
successful meeting on Stress Analysis in 
Philadelphia, this district plans to have 
another technical session at the Franklin 
Institute on March 8 on the subject of 
Air Pollution. The New York District 
on March 24 will have an outstanding 
speaker on Electronics Research in 
Relation to National Defense. This is 
scheduled at the Engineering Societies 
Building. 

On March 28 at the St. Louis Engi- 
neers’ Club, the district there will hear 
Wm. T. Bean on Stress Analysis in 
Action, and on the following evening, 
March 29, in the Western Society of 


r 


ALL MEMBERS ARE COR- 
DIALLY invited to attend any of 
the meetings sponsored by districts. 
Direct mail notices go to the mem- 
bers and committee members in the 
respective areas, but their friends 
and associates are cordially invited 
also. 
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Engineers’ auditorium, Chicago, will 
sponsor a meeting on Photography in 
Industry. 

The New England District is planning 
a meeting on April 10, and the Western 
New York-Ontario group also is plan- 
ning to have a session, possibly in St. 
Catharines that same month on April 21. 


Philadelphia, March 8—Air Pollution 


One of the country’s outstanding 
authorities on air and stream pollution 
will speak at the March 8 meeting in 
Philadelphia at the Franklin Institute. 
Dr. Louis C. McCabe, Chief, Office of 
Air and Stream Pollution, U. 8. Bureau 
of Mines, will cover the subject ““Atmos- 
pheric Pollution.” Prior to the tech- 
nical session, the dinner speaker, W. B. 
Hart, Superintendent of Services, Atlan- 
tic Refining Co., will present the basic 
problem of atmospheric pollution and 
note some aspects, particularly the 
pressure to abate it. 


A prominent geologist, Dr. McCabe 


was for three years Chief of Utilities 
Section and Deputy Power Procure- 
ment Officer in the Quartermaster 
General’s Office of the U.S. Army. In 
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1944 he became a Colonel and had mag} 
to do with expediting mining of coal 
Belgium and the recaptured Europ I 
coal areas. He was director of the I 
Angeles County Air Pollution Con 
District and then returned to the Bureas 
of Mines in 1949 in his present position ( 
A feature of this meeting will bet hk 
introduction of Dr. McCabe by his a 
sociate, A.S.T.M. Past-President 2 
Honorary Member Dr. A. C. Fieldnei 
Chief, Fuels and Explosives Servi 
U. 8. Bureau of Mines. Dr. Fieldn 
himself is an authority on this subject. |, 
There is to be a dinner at the Insts 
tute’s Dairy Dell beginning at 6:30 p. 
sharp. Reservations can be ma 
through A.S.T.M. Headquarters. 


New York, March 24—Electronics | 
Research 


The New York District is much intey 
ested in various aspects of researa 
which are carried out by service branche 
of the Federal Government, and hdl 
been fortunate to secure as speaker ¢ 
its March 24 meeting at the Engineerir 
Societies Building, Edwin L. Speakmai/ 
who will cover the aspects of electron») 
research in relation to national defens% 
He is to be introduced by M. B. Chitticil 
formerly Colonel in the armed servici 
and now head of the Reserve Officers i 
the New York District. This group @ 
actively concerned with a number | i 
technical problems. H 

While the subject of electronics »/i 
search may from one viewpoint Mt 
rather special, it is believed the gener 
principles involved, and the discussi@ 
which will follow the paper, will be 
broad interest. i 


St. Louis, March 28—Stress Analys i 


The St. Louis District in cooperatid 
with the Engineers’ Club of St. Louis, 
sponsoring a joint meeting at the Engi 
neers’ Club on Tuesday, March 28, fei 
turing a lecture by Wm. T. Bean, Jif i 
who gave a similar interesting deme 
stration in Philadelphia. This is 4) 
dynamic presentation and kept the eld 
attention of over 500 men at the Phijif 
delphia affair. The recent meetirit} 
held with the Engineers’ Club have be® : 
very interesting and _ successful, q 


anyone attending this meeting it is }F 
lieved will have spent a worth-whf 
evening. | 
Chicago, March 29—Photogranai 
Industry , 

Taking advantage of the fine nf 
facilities of the Western Society / 
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It 
it 


tineers, the Chicago District will 
jure at its meeting on March 29, the 
‘ect of Photography in Industry. 
) new Eastman film entitled ‘‘Func- 
al Photography in Industry,” an 
ellent over-all presentation, will be 
»wed by a short technical talk and 
ssion by a technical representa- 
) of Eastman’s Industrial Photo- 
hic Division in Chicago. 
this meeting is to take the form of a 
sident’s night with the presence of 
Society’s chief executive, J. G. 
row, Steel Company of Canada, 
, and Executive Secretary C. L. 
wick is joining him. Both will be 
sd on at the meeting. This subject 
hotography is of widespread interest 
aany. Several fields where it is used 
metallography, spectroscopy, rec- 
keeping, etc. The sound color film 


of 385 minutes’ duration gives a broad 
over-all concept of many important 
photographie functions. 


New England—April 10—Sources 
of Power: 


All A.S.T.M. members and committee 
members in New England are urged to 
attend the District Spring Meeting at 
Northeastern University on April 10, 
to feature an address on Sources of Power 
by Professor W. K. Lewis. This sub- 
ject is of much interest to almost every 
technical man and is one of industry’s 
widest concerns. Prof. Lewis is an ac- 
complished speaker, and an authoritative 
and interesting discussion is in store. 

There will be a dinner preceding the 
technical session, but arrangements 
have not been completed as yet. A 
notice is being mailed to all our New 


England members and others interested. 


Western New York-Ontario—April 
21—Photography in Industry: 


The Western New York-Ontario 
District, under the Chairmanship of 
Dr. O. W. Ellis has arranged a joint 
meeting with the Niagara Peninsula 
Branch of the Engineering Institute of 
Canada to be held at the Hotel Queens- 
way, St. Catherines, Ontario, on April 
21. In connection with this meeting, 
the technical session of which will cover 
Photography in Industry, there will 
probably be some industrial plant visits. 
Final details are to be worked out and 
all members in that area will be posted. 
There are a number of places which would 
be of special interest to our members, 
including the Decew Falls Power Station 
and the Ontario Paper Company plant. 


TECHNICAL COMMITTEE NOTES 


mmittee on Soaps 


Meet 
AT THE annual meeting of 

.T.M. Committee D-12 on Soaps 
Other Detergents, to be held at 
Park Sheraton Hotel in New York 
7, March 21-22, several proposed 
standards covering the testing and 
lity of various materials in the com- 
tee’s scope will be considered and 
sr activities will be reviewed. 
he committee extends all interested 
ts work an invitation to attend the 
ous subcommittee and main tech- 
1 sessions. 

complete list of the meetings can 
ybtained from the Secretary, J. C. 
ris, Monsanto Chemical Co., Nich- 
Road, Dayton 7, Ohio. F. W. 
ther, Chemist (Retired), National 
2au of Standards, Washington, is 
irman of the Committee, and 
lerick Krassner, Department of the 
y, Brooklyn, is Vice-Chairman. 

ver 30 standard specifications, tests, 
series of definitions have been de- 
ped by the committee and pub- 
d by the American Society for 
ing Materials. 

ymmittee D-i2 has adopted the 
tice of concentrating its meetings 
he spring and considers this its 
ial meeting. 
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Fatigue Questionnaire 


Commitren E-9 on Fa- 
tigue has appointed a subcommittee to 
survey the current status of research 
work in this country on fatigue of met- 
als. This short but comprehensive ques- 
tionnaire asks, in addition to the title 
of project and name of investigator, in- 
formation on the length of project, pur- 
pose of the investigation, and methods 
employed, as well as results of fatigue 
studies published during the past year. 
The questionnaire also requests a listing 
of research topics or fatigue phenomena 
on which information is needed. 

The primary objectives of this survey 
are (1) to prepare a list of all fatigue 
studies that are now in progress and (2) 
to list fatigue problems of a basic nature 
for which further information is desired. 

These questionnaires have been mailed 
to 190 government, university, and in- 
dustrial laboratories. The committee 
requests that those receiving these ques- 
tionnaires cooperate as fully as possible 
so that the survey may be complete. 
If there are any members of the Society 
doing work in fatigue who have not re- 
ceived the questionnaire, they may ob- 
tain copies by writing to Headquarters 
or to T. J. Dolan, Research Professor of 
Theoretical and Applied Mechanics, 
University of Illinois, Urbana, Il. 
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New Wax Committee 
Organizes 


ORGANIZATION of a new 
Committee on Floor Wax, recently auth- 
orized by the Board of Directors, is well 
under way. Dr. James I. Hoffman, 
National Bureau of Standards, has been 
appointed Temporary Chairman and 
Bayard Johnson, Franklin Research Co., 
Philadelphia, the Temporary Secretary. 
Invitations are going forward to a 
group of industrial companies, institu- 
tions, technical associations, and con- 
sulting firms interested in floor wax to 
join in the work of this new committee. 
Within the next few weeks an organiza- 
tional meeting will be held, after which a 
start can be made on some of the prob- 
lems which have already been submitted. 
These problems have been fairly well 
established and discussed in conferences, 
held under the auspices of the Floor 
Wax Division of the National Assn. of 
Insecticide and Disinfectant Manufac- 
turers, who are vitally interested in the 
new committee. Before progress can 
be made with respect to the character- 
istics of floor wax, such as'slip resistance 
and gloss, reliable standard methods of 
testing and means of evaluating these 
properties must be developed. For this 
reason, it is expected that the new com- 
mittee will have this as its immediate 
objective. 
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Spring Meeting of A.S.T.M. 
Committee D-14 on 
Adhesives Scheduled 


THE spring meeting of this 
‘Committee is to be held on March 27 
and 28 at A.S.T.M. Headquarters, 1916 
Race St., Philadelphia 3, Pa. 

A cordial invitation is again extended 
to nonmembers to attend the two-day 
meeting. The fall meeting saw a large 
group of nonmembers in attendance who 
participated in the open discussion con- 
cerning the testing methods and proce- 
dures that are under study by the various 
subcommittees. It should be under- 
stood that the work of Committee D-14 
embraces the entire field of adhesive ap- 
plications and is not confined to a few 
adhesive types or any one segment of 
the industry. Come and bring your as- 
sociates! 

A departure from the usual meeting 
procedure will be undertaken at the 
spring meeting. Concurrent sessions of 
the various subcommittees will be held 
during the morning and afternoon of 
March 27. On Tuesday morning, 
March 28, the subcommittee reports 
will be presented, followed by the entire 
D-14 group meeting. Following lunch- 
eon, a paper will be presented by the 
guest speaker, Dr. Nicholas V. Poletika, 
Laboratory Superintendent, The Tim- 
ber Engineering Co., Washington, D.C. 
Dr. Poletika will speak on Modern Ad- 
hesives Testing in the Factory and in 
the Laboratory. The report of Subcom- 
mittee VII on Research will be pre- 
sented to the D-14 Committee to termi- 
nate the program. 

Details concerning the meeting can be 
obtained from the Secretary of the 
Committee, G. W. Koehn, Research 
Laboratories, Armstrong Cork Co., 
Lancaster, Pa., or from A.S.T.M. Head- 
quarters, 1916 Race St., Philadelphia 3, 
Pa. 


Comntitee C-2 
Expands Scope 


Macnesrum oxysulfate ce- 
ment has been in commercial use almost 
as long as magnesium oxychloride but 
the quantities marketed have been 
relatively small. More recently, mag- 
nesium oxysulfate cement compositions 
have been recommended as base coats 
under oxychloride cement ship-deck 
coverings. Similar compositions are 
coming into use as underlayments for 
prefabricated floor coverings. Oxysul- 
fate plaster is also being promoted for 
walls in institutions such as mental 
hospitals where especially strong 
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and durable wall covering is required. 

With this increased use there has been 
a greater demand for standard meth- 
ods of test and specifications. It is 
with this in mind that the scope of 
Committee C-2 on Magnesium Oxy- 
chloride Cement is being extended, by 
action of the- Board of Directors, to 
include both magnesium oxychloride 
and oxysulfate cements. 


Conference 
on Smooth Surface 
Organic Floor Coverings 


For some time there have 
been inquiries received by the Society 
on the availability of standards in the 
field of smooth surface organic floor 
coverings, such as linoleums and as- 
phalt, cork, rubber, plastic, and tile. 
Suggestions have been made _ that 
work be undertaken in this field. 
Producers and consumers were can- 
vassed recently on the proposal that a 
new A.S.T.M. committee be organized 
for this purpose. As a result of the 
comments received, a conference will be 
held to review the work that such a 
committee should undertake, to crys- 
tallize the thinking concerning its 
establishment, and also to study its 
relation to other agencies on standards 
in this field. If it is apparent from the 
discussions that an A.S.T.M. committee 
should be organized, it is expected that 
the questions of scope, specific activities, 
and availability of suitable personnel 
will come up for consideration at the 
conference and recommendations for- 
mulated for submission to the Board of 
Directors. 

The conference will be held at A.S.- 
T.M. Headquarters on March 20 
starting at 10 a.m. This will be under 
the chairmanship of G. E. Harnden, 
General Electric Co., a member of 


the Administrative Committee on Stand.) 
ards. Any member of the Society whok 
is interested in this field and who has 
not received a letter of invitation : 
invited to attend this conference. 


Work on Printing Inks 


FuRTHER progress in the 
technical program on the developmen 
of test methods for printing inks was: 
made at a meeting of the Committee o n) 
Printing Inks (functioning under Com+ 
mittee D-1 on Paint Materials) heldl 
on November 3, at Atlantic City. Re 
ports were received from seven sub 
groups on Definitions, Fineness of 
Grind, Rubproofness, Rheology, Papeng 
Ink Relations, Drying Time, and Meth4 
ods Review. . 

The Group on Fineness of Grind has 
made a survey of various methods in usé 
as a basis for its future work. It has un- 
dertaken a study to evaluate two ype 
of fineness of grind gages. 


study of the Dryograph and also an ex:) 
amination of the scuff tester. This lat 
ter will include a study of the scuffing 0+ 
the printing ink itself as well as the ef) 
fect of rubbing the film on paper. ! 

The Group on Printing Ink Rheologyg 
has prepared a preliminary definition ov 
“tack” and has agreed on some generas 
requirements for a practical instrumeny 
for evaluating tack. On this subjec% 
there are two working divisions, a midi) 
western section and an eastern section) 

The Definitions Subgroup is cooperat# 
ing very closely with other organization) 
in the graphic arts industry in arriving 
at definitions of terms of immediataj 
interest in the printing ink field. A tasle 
group was appointed to prepare def nil 
tions covering varnishes which ard 
needed in view of the wide range in vis} 
cosities of lithographic varnishes now 
available. 


Officers of Committee E-4 on Metallography: L. to r. 
Penrod, Vice-Chairman; Mary Norton, Secretary 
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L. L. Wyman, Chairman; R. : 
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ed from January 4, 1950, to Febru- 
2, 1950, making the total member- 
6626. 


kmes are arranged alphabetically—com- 
members first, then individuals. 


go District 


1t Lakes CarBon Corp., Charles L. 
omas, Director of Research, 8210 
stin, Morton Grove, Il. 

scumipt Lasoratorigs, Inc., Edward 
Kleinschmidt, Vice-President, 375 
ger Williams Ave., Highland Park, IIl. 

4, GroraEr E., Chief Draftsman, W. H. 
ner, Inc., 209 S. LaSalle, Chicago, Ill. 

y, G. Arnoup, Chief Chemist, Mar- 
ette Cement Manufacturing Co., 


y, James B., Chief Metallurgist, 
ark Equipment Co., Buchanan Plant, 
chanan, Mich. 

s, 8. A., Plant Superintendent, Motive 
uipment Manufacturers, Inc., 5253 W. 
osevelt Rd., Cicero 50, Ill. For mail: 
38 S. Kolin Ave., Chicago, III. 

ties, RicHarp L., Work Group Engi- 
ar, Soil Conservation Service, Council 
ffs, lowa. [J]* 

Reren C., Assistant Manager, Research 
d Development Dept., Graver Tank and 
anufacturing Co., Inc., 4809 Tod Ave., 
st Chicago, Ind. 

3E, RicHarpD, Head, Motor Fuels Evalu- 
on Div., Northern Regional Research 
boratory, U. S. Department of Agricul- 
e, 825 N. University, Peoria, Ill. 

eF, Harry A., Plant Manager, Lehigh 
rtland Cement Co., Oglesby, III. 


sland District 


EMER LIMESTONE AND CEMENT Co., 
m, Ralph E. Roscoe, Vice-President, 
90 Wick Bldg., Youngstown 3, Ohio. 

SAN, WiLuiaM A., Vice-President and 
neral Superintendent, Metropolitan 
ick, Inc., 1017 Renkert Bldg., Canton 2, 


10. 
G, Lynn E., Development Chemist, 
io Boxboard Co., Rittman, Ohio. 
rit District 
‘s, STEPHEN D., Engineer, O. W. Burke 
., 1032 Fisher Bldg., Detroit 2, Mich. 
INTE, ALEXANDER J., Manager, Manu- 
turing Engineering, Process Engineering 
b., Lincoln-Mercury Division of Ford 
stor Co., 6200 W. Warren Ave., Detroit 
Mich. 

Brunt, J. W., Brick Manufacturer, 
56 Fuller Ave., S.E., Grand Rapids 7, 
ch. 


England District 


3y¥ Co., Inc., Toe, Edward M. Lynch, 
, Chemist, 49 Blanchard St., Box 899, 
wrence, Mass. 

1s, Russeut J., Chief Metallurgist and 
emist, The Stanley Works, New Britain, 
nn. 

yepy, Rosurt M., Instructor, Lowell 
xtile Inst., Lowell, Mass. 

‘on, Mary, Metallurgist, U. 8. Depart- 
nt of the Army, Ordnance Dept., 
itertown Arsenal, Watertown 72, Mass. 


York District 


OR-GREENSPAN Co., Inc., Fritz Neu- 
‘ter, Manager of Laboratory, 469 
renth Ave., New York 18, N.Y. | 

‘AN, THOMAS C., Distribution Engineer, 
asolidated Edison Company of New 
rk, Inc., Electrical Engineering Dept., 4 
ing Pl., New York 3, N. Y. : 
NTHA, StepHEN FRANK, 30-57 Thirty- 
ond St., Long Island City 3, N.Y. [J] 
, Marvin H., Plastics Chemist, LaSalle 
ferprises, 611 Broadway, New York, 
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N. Y. For mail: 1466 Ocean Parkway, 
Brooklyn 30, N. Y. [J] 

KNEcuHT, H., Mechanical Plant Engineer, 
Mechanical Engineering Dept., Consoli- 
dated Edison Company of New York, Inc., 
4 Irving Pl., New York 3, N. Y. 

Lane, Cart J., Chemist, Oakite Products, 
Inc., 22 Thames St., New York, N.Y. For 
mail: 20434 W. Thirteenth St., New York 
Lila Nie. AG 

Linpstrom, Epwin C., Quality Control 
Manager, Johns-Manville Products Corp., 
22 EH. Fortieth St., New York 16, N. Y. 

MAduter, Martin, Chief Designer and Super- 
visor of Construction, D. A. Hopper, Jr., 
A.I.A., Architect, Irvington, N. J. For 
mail: 930 Burlington Ave., Union, N. J. 

Prem, Henry C., Chemical Engineer, Charles 
Pfizer and Co., Inc., 11 Bartlett St., 
Brooklyn, N. Y. For mail: 141-45 250th 
St., Rosedale 10, N. Y. [J] 

ScHAKENBACH, Lusuin T., Metallurgist, 
Revere Corporation of America, Walling- 
ford, Conn. 

Smarr, Maxwe.ut D., Plant Manager, M. W. 
Parsons, Inc., 34 Thirty-fourth St., Brook- 
lyn 32, N. Y. 

Smit, Vincent M., Technical Representa- 
tive, Stein, Hall and Co., Inc., 285 Madison 
Ave., New York 17, N. Y. 

StrernsereG, Louts, Chief Engineer, Hygrade 
Products Division, Standard Motor Prod- 
ucts Co., 35-35 Thirty-fifth St., Long Island 
City 1, N. Y. 

WesTBROOK, Jack H., Research Associate, 
General Electric Co., Room 125, Knolls 
Research Lab., Schenectady, N. Y. [J] 


Northern California District 


Paciric PAINT AND VaRNISH Co., G. J: 
Grieve, Technical Director, 1608 Fourth 
St., Berkeley 10, Calif. 

Rosinson, Parker M., District Manager, 
Pittsburgh Testing Laboratory, 651 How- 
ard St., San Francisco 5, Calif. 

Santa Ciara, UNIVERSITY OF, COLLEGE OF 
ENGINEERING, George L. Sullivan, Dean, 
Santa Clara, Calif. 


Ohio Valley District 


Coutter, Marvin Keira, Rubber Tech- 
nologist, American Zine Sales Co., Box 327, 
Columbus 16, Ohio. 

Kornia, Ropney J., Engineer in Training, 
State Highway Testing and Research Lab., 
155 W. Woodruff, Columbus, Ohio. For 
ne 160 Hanford St., Columbus 6, Ohio. 

Srurve, Barpara, Textile Technician, 
Fashion Frocks, Inc., 3301 Colerain Ave., 
Cincinnati 25, Ohio. [J] 

chs Epwarp W., R.R. 1, Milford, 

io. 


Philadelphia District 


Havee Corp., P. L. McWhorter, Manager, 
Newark, Del. 

Lingear, Inc., J. Johnson, Chief Chemist, 
State Rd. and Levick St., Philadelphia 35, 
Pa. 

Barness, Hersent, Partner, Joseph Barness 
and Son, Warrington, Pa. 

Brypen, W. Donatp, President and Treas- 
urer, Philadelphia Bronze and Brass Corp., 
1412 N. Twenty-second St., Philadelphia 
2 Pan 

Doane, Louis H., Consulting Engineer, 
Pennsylvania Bldg., Wilmington 50, Del. 

McEtroy, W. R. Director and Owner, 
Wayne Laboratories, 17 E. Main &t., 
Waynesboro, Pa. 

New Jersey Turnpike AutHority, Harvey. 
Vincent, Engineer of Specifications, 65 
Prospect St., Trenton 8, N. J. 

RosENBERGER, RAaymMonpd J., Specification 
Writer, Gannett, Fleming, Corddry & 
Carpenter, Inc., 600 N. Second St., Harris- 
burg, Pa. For mail: Fairview Farm, Camp 
Hill, Pa. 


Pittsburgh District 


Davis, BE. Tayxor, Assistant to Vice-Presi- 
dent, Wheeling Steel Corp., Wheeling, W. 
Va. 
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St. Louis District 


Burns, Loren V., Vice-President and Tech- 
nical Director, Spear Mills, Inc., 1009 
Baltimore, Kansas City, Mo. For mail: 
Box 23805, Kansas City 13, Mo. 

DanigL, ArTHUR J., President, Battenfeld 
Grease and Oil Corp., Thirty-second and 
Roanoke Rd., Kansas City 8, Mo. 

Houpen, Joun, Chief Engineer, Pressed 
Steel Car Co., Inc., Mt. Vernon Car Manu- 
facturing Div., Mt. Vernon, Ill. 


Washington (D. C.) District 


ViTririep Cuina Assn., Inc., Robert F. 
Martin, Executive Secretary, 312 Shore- 
ham Bldg., Washington 5, D. C. 

BorRNEFELD, CHARLES F., Chief Construction 
Engineer, Saxe, Williar & Robertson, En- 
gineers—Consultants, 130 W. Hamilton St., 
Baltimore 1, Md. 

Connor, J. E. Chemical Engineer, Office of 
the Quartermaster General, Bldg. A, Room 
2140, Washington 25, D.C. 

Frazinr, Ricnoarp J., Research Engineer, 
Washington Brick Co., Sixth and Emerson 
Sts., N.E., Washington, D. C. For mail: 
e520 ve a Ave., N.W., Washington: 
Sy Dace 

HaustTeap, Wooprow J., Chemist, Physical 
Research Branch, Bureau of Public Roads, 
General Service Administration Bldg., 
Washington 25, D.C. 

Kessier, Kenneta Kenpeick, Metallurgist, 
The Baltimore & Ohio Railroad Co., Mt. 
Clare Shops, Baltimore 23, Md. 

Scurerer, Herpert F., Physicist (Textiles), 
Ba Bureau of Standards, Washington 


Western New York-Ontario District 


MircHett, JoHn B., Assistant Works 
Manager, Morrow Screw and Nut Co., 
Ltd., Ingersoll, Ont., Canada. 

Towenpd, Haroup L., Chief Engineer, Old- 
bury Electro-Chemical Co., Box 346, 
Niagara Falls, N. Y. 


U. S. and Possessions 


DeLone, ArtHuR G., Instrument Man, New 
Mexico State Highway Dept., Santa Fe, 
N. Mex. For Mail: 303 8. Second St., 
Gallup, N. Mex. 

Dvuaqus, Exripio P., Major, Armed Forces of 
the Philippines, Research and Develop- 
ment Div., HNDF, Camp Murphy, Quezon 
City, Philippines. For mail: Philippine 
Embassy, Washington, D. C. 

Hay, W. G., Superintendent, Anaconda Wire 
and Cable Co., Great Falls, Mont. 

Kemmerer, Rosert M., Jr., Inspector, Giffels 
& Vallet, Inc., Box 516, Oak Ridge, Tenn. 
For mail: 103 E. Hunter Circle, Apt. L, 
Oak Ridge, Tenn. [J] 

Ray, Joun C., International Airport Branch, 
Box 787, Miami 48, Fla. 


Other than U. S. Possessions 


AxssBorr, Frep E., Chief Petroleum Engineer, 
Arabian American Oil Co., Dhahran, Saudi 
Arabia. 

Bau, Spencer, Professor of Civil Engineer- 
ing, Nova Scotia Technical College, Li- 
brary, Halifax, N.S., Canada. 

DaxELHOFER, JEAN PipRRE, Professor, Poly- 
technic School, University of Lausanne; 
and Assistant Director, Laboratory of 
Testing Materials, Lausanne, Switzerland. 
For mail: Place de la Poste 187, Aubonne, 
Vaud, Switzerland. 

McNevan, ArcHiBALD Matcoim, Draughts- 
man, Dominion Bridge Co., Lachine, P. Q., 
Canada. 

Puariteus, THropore, Assistant Engineer, 
West Punjab Government, Public Works 
Dept., Irrigation Branch, India. For mail: 
40/A, Warris Rd., Lahore, Pakistan. 

Romney, J., Manager, Technological Dept., 
W.B. Dick and Co., Ltd., Lavender Wharf, 
Rotherhithe, London, 8.H. 16, England. 

SwepisH Stats Roap Researcu Inst., Nils 
von Matern, Chief Engineer, Stockholm O, 
Sweden. 

TreisL, H. Grorer, Chemist and Assayer, 
Luscar Coal’s Corp., Luscar, Alta., Canada. 


* [J] denotes Junior Member. 
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PERSONALS @ @ « 


News items concerning the activities of our members 
will be welcomed for inclusion in this column. 


Note—These ‘“Personals”’ 


are arranged in order of alphabetical sequence of the names. 


Frequently two or more members may be referred to in the same note, in which case the first 
one named is used as a key letter. It is believed that this arrangement will facilitate refer- 


ence to the news about members. 


Peter T. Baechinger, formerly associ- 
ated with Stoffel & Co., Mels, St. Gallen, 
Switzerland, is now with St. Galler Fein- 
webereien A.-G., Lichtensteig, Switzer- 
land. 

Cecil E. Bales, formerly Vice-President, 
has been elected President of The Ironton 
Fire Brick Co., Ironton, Ohio. A Past- 
President of the American Ceramic Soci- 
ety, and a member of A.S.T.M. since 1926, 
Mr. Bales has been active in the work of 
Committee C-8 for over twenty years, 
serving as its Secretary 1932-1936. He 
was also a member for many years of Com- 
mittee D-3 on Gaseous Fuels. 

An outstanding honor was paid T. A. 
Boyd, Research Consultant, Research 
Laboratories Div., General Motors Corp., 
Detroit, Mich., and an A.S.T.M. Past- 
President, when he received the Horning 
Memorial Medal at the 1950 Annual Meet- 
ing of the Society of Automotive Engineers 
in Detroit. This Award was in recognition 
of Mr. Boyd’s outstanding contributions 
during his 30-year study of fuels and en- 
gines. C. L. McCuen, General Manager 
of the GM’s Research Division, said that 
“the study has benefited not only the 
motorist, by providing him with improved 
automotive engines, but also it has made a 
progressive impact on the economy at 
large by pointing the way toward more 
efficient utilization of hydrocarbon fuels.” 
When he received the Award Mr. Boyd 
presented a very significant lecture 
entitled “Pathfinding in Fuels and En- 
gines” which gave a very complete back- 
ground of fuel and engine development. 
His many friends and associates in 
A‘SS.T.M. will join in extending hearty 
congratulations to him on this new honor. 

H. V. Churchill, Chief of the Analytical 
Div., Aluminum Research Laboratories of 
the Aluminum Company of America, New 
Kensington, Pa., is serving as an official of 
Rotary International, world-wide service 
organization, for 1949-1950. 

Harry Collyer, formerly in charge of the 
rubber and plastics testing and technical 
service at the Boston Research and De- 
velopment Department of Godfrey L. 
Cabot, Inc., has been appointed Labora- 
tory Director of Cabot Carbon, Ltd., 
Itllesmere Port, England, effective April 1, 
1950. 

Harold N. Cooledge, Jr., formerly Vice- 
President, F. J. Cooledge & Sons, Atlanta, 
Ga., is now President, Allied Paint Mfrs., 
of the same city. 

Maurice W. Daugherty, formerly Chief, 
Cleveland Research Div., Aluminum 


18 


Company of America, has been made 
Secretary, Aluminum Research Labora- 
tories, New Kensington, Pa. In this newly 
created position he will assume some of the 
administrative functions of the Director’s 
office. 

Gustavus J. Esselen has been elected 
Vice-President of the United States Test- 
ing Co., Inc., Boston, Mass. He will 
continue in active direction of the Esselen 
Research Division, recently created by the 
merger of Esselen Research Corp. with the 
U.S. Testing Co. 


S. S. Gill, formerly with Indian Steel & 
Wire Products, has been appointed Chief 
Metallurgist, Hindusthan Motors, Ltd. 
Uttar Para, India. 

J. F. Magee, formerly Vice-President, is 
now President of Alpha Portland Cement 
Co., Easton, Pa. 


Francis L. Mark, previously associated 
with Lancaster Processes, Inc., New York 
City, is now Sales Development Engineer, 
Dewey & Almy Chemical Co., Cambridge, 
Mass. 

Robert W. Matlack, immediate Past- 
President of the Federation of Paint and 
Varnish Production Clubs, has been visit- 
ing in France, Switzerland, and England 
where he will inspect a number of indus- 
trial plants and laboratories, and will 
represent the organization at a meeting in 
Geneva of the newly formed Federation of 
Technical Associations of the Paint Indus- 
tries of Continental Hurope. 

George S. Mikhalapov, formerly Man- 
ager, Air Reduction Sales Co., Murray 
Hill, N. J., is now Technical Director, 
Metallurgical Research & Development 
Co., Washington, D. C. 

F. H. Nagel, Jr., for many years Secre- 
tary and Treasurer, Cann & Saul Steel 
Co., Philadelphia, Pa., has been named 
Vice-President of his company. Mr. Nagel 
has been representative of Cann & Saul 
membership in A.8.T.M. since 1937. 

E. P. Newhard has been elected Vice- 
President, Pennsylvania-Dixie Cement 
Corp., Nazareth, Pa., at the same time 
continuing his duties as Operating Man- 
ager. 

Alden Frederick Presler has concluded 
his graduate studies at the University of 
Minnesota, Minneavolis, and is now a 
Research Fellow, Iowa State College, 
Engineering Experiment Station, Ames. 

Max Schuster, formerly Director, Qual- 
ity Control and Development, Cantor- 
Greenspan Co., Inc., New York City, is 
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now associated with the Quality Contry 
& Production Div., Kanmak Toa 
Inc., of the same city. 


Walter M. Scott, formerly Directsy 
Southern Regional Research Lab., U. § ¢ 
Bureau of Agricultural Chemistry & in, gi 
neering, New Orleans, La., is now Assisti 
ant Chief of the Bureau, ‘at the Def rh 
ment of Agriculture headquarters, Wy sks 
ington, D.C. 4 


Fred B. Seely, Professor and Head, Dx 
partment of Theoretical and Applies 
Mechanics, University of Illinois, Urbane 
was honored by The American Society ¢ 
Mechanical Engineers with the Worcest« 
Reed Warner Medal, given annually fc 
outstanding contributions to permaner, 
engineering literature. His citation note 
that his textbooks “have had a profoun) 
influence on the development of youn 
engineers for a quarter century.” Prot! 
Seely joined the University of Illinois # 
1909, and became department head i! 
1934. A member of A.S.T.M. since 191 
he has been active in the work of Com 
mittee E-1 on Methods of Testing fa; 
many years. 


John C. Southard, Director of Researe?} 
Solar Aircraft Co., San Diego, Calif., hel 
been appointed a member of the Subcom 
mittee on Aircraft Structural Materials, s 
technical subcommittee of the Nation 
Advisory Committee for Aeronautics. Bl 
fore joining Solar in 1946, Mr. Southai! 
served with the U.S. Department of Agni 
culture, with the U. S. Bureau of Mina 
and as Chief of Process Metallurgy Ril 
search, Titanium Alloy Manufacturix} 
Co. Dr. Southard is a member of ti} 
Aviation Panel, A.S.T.M.-A.S.M.E. Joi 
Committee on Effect of Temperature #4 
the Properties of Metals. i 


Hewitt Wilson, technologist antl aul 
ministrator associated with the U. § 
Bureau of Mines since 1920, has beah 
appointed Director of the Bureau’s Sout'} 
east Region, with headquarters in Norr}) 
Tenn., and including several stations ai} 
district offices in the States of Tennesssp ‘ 
North and South Carolina, Georgia, al 
bama, Mississippi, and Florida. Mr. Wi 
son has been administrative head of th 
Norris station since its establishment {) 
1938 with a laboratory turned over to ti} 
Bureau by the Tennessee Valley Authorij, 
as its nucleus. Prior to his full-tinl 
appointment, in 1938, Mr. Wilson for 4 
years had been on the faculty of the Ulf 
versity of Washington as head of tf 
Ceramics Department. He is the auth 


of a textbook used by many ceramit 


schools in the United States. A memlih 
of A.S.T.M. since 1933, Mr. Wilson iif 
active in Committees C-8 on Refractori# 
and C-21 on Ceramic Whitewares. F 


James C. Zeder, Chairman of the Eni 
neering Board at Chrysler Corp., Detrag 
Mich., recently took office as the 198 
President of the Society of Automoti® 
Engineers. Mr. Zeder became a mem 
of S.A.E. in 1923 and served during Wolf 
War II as Chairman of the S.A.E. W) 
Engineering Board which headed extensh® 
technical advisory projects to the Uniti! 
States and Allied armed services. 
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bee: radomes used on 
t-day aircraft are conceived to 
several compromising design 
wements which invariably lead to 
ise of a high-strength plastic sand- 
tructure. In the course of radome 
la, it becomes apparent that certain 
al property values are needed for 
cing a satisfactory radome having 
ate electronic characteristics and 
ufficient strength. This is espe- 
true of large radomes where struc- 
considerations force a compromise 
tronic considerations by dictating 
ease in face thickness or over-all 
ess. 
e time ago, radome designers in 
] aircraft companies on the West 
began to compare mechanical 
ata and found some rather di- 
nt and conflicting results especially 
flexural tests. Several different 
pecimens were being used, each 
tory employed its» own method 
easuring face thickness (a basic 
for computing stresses), and flex- 
trengths of very similar materials 
ay ranged from 12,000 to 
10 psi. It was obvious that much 
| be gained by a standardization of 
procedures for evaluating X-band 
me materials. Also, _A.S.T.M. 
mittee C-19 was established on the 
ise that sandwich structures, hav- 
rather widespread acceptance in 
7 fields, hold forth a good potential 
iture growth and, as such, present 
oup of essentially new materials 
ein standardized testing procedures 
e useful. The widespread adoption 
nmdwich structures, which on the 
iand illustrates the need for some 
lardization, poses on the other 
to be the most serious obstacle 
> overcome in accomplishing the 
ose of this committee. 
domes represent the most prevalent 
recurrent application of sandwich 
tures in aircraft, although other 
varying from tables and partitions 


.—DISCUSSION OF THIS PAPER IS 
[ED, either for publication or for the 
ion of the author. Address all com- 
ations to A.S.T.M. Headquarters, 1916 
St., Philadelphia 3, Pa. 


lis paper was presented at a meeting of 
ittee C-19 on Structural Sandwich Con- 
ons held in San Francisco, Calif., October 
49, during the First Pacific Area National 
ng of the Society. 
ef Plastics Engineer and Research 
st, respectively, North American Aviation, 
,os Angeles, Calif. 
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Radome Materials 


to primary structures are growing 
rapidly in some quarters. Because of 
this, standard test procedures for sand- 
wich materials in general and for 
radome materials in particular are 
desired by the aircraft industry. 


To be of practical use for comparison 
purposes and for correspondence be- 
tween separate agencies concerned with 
similar problems, testing procedures 
must be standardized beyond theoretical 
concepts to contain specific values which 
are dependent upon and consistent with 
the class of material being tested. This 
is especially true of flexure tests where 
the testing procedure is influenced by 
so many variables from the modulus 
of elasticity of the faces to the cell size 
of the core. 


Generally, X-band radomes consist 
of a sandwich structure with glass 
fabric base plastic faces varying in 
thickness from 0.030 to 0.010 in. and a 
lightweight core correspondingly vary- 
ing from 0.300 to 0.450 in. with the 
over-all dimension varying therefore 
from 0.360 to 0.470 in. These con- 
figurations are normal sandwich struc- 
tures, and it appears at first sight that 
classical testing procedures are ap- 
plicable, but appreciable errors can 
accrue if the usual assumptions for 
flexure testing are made in interpreting 
test results. Although other tests are 
important, this paper will be limited to 
discussion of the flexure testing of X- 
band radome sandwich materials. 

For apparent reasons, comparative 
testing procedures for composite ma- 
terials should be conceived so that the 
effects of interaction are held to a prac- 
tical minimum. For example, a high 
shear stress combined with high normal 
stresses in the core can precipitate a 
failure in a flexure specimen at an ap- 
preciably lower stress than the specimen 
would carry if the shear stress were 
reduced. Likewise, a core material 
will fail at a lower calculated shear 
stress if the faces of the sandwich were 
to impose combining stresses on it. 
For standardization purposes, therefore, 
interaction effects should be reduced 
to a practical minimum. Ultimately, 
interaction effects must be understood 
for a careful analysis of radome designs, 
but the approach now being used is to 
design conservatively and subsequently 
to static test a complete radome prior 
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Preliminary Considerations for Testing Sandwich 


By G. R. Huisman? and R. H. Wight’ 


to use. It is obvious that more data 
are needed for the improved designs 
required by increasing demands for 
better performance. The present need 
for more complete design information 
can be satisfied by data obtained from 
tests which practically isolate individual 
physical characteristics and, therefore, 
eliminate interaction effects. This ap- 
proach for establishing a flexural 
strength test procedure leads to the use 
of relatively large span-depth ratios in 
the range of 60:1. 

The several core materials being used 
for radomes vary in shear strength from 
as low as 100 psi. to 300 or 400 psi. 
This low strength range dictates the 
use of a large span-depth ratio. When- 
ever large span-depth ratios are em- 
ployed, the deflections become rather 
great and in some cases have been meas- 
ured at over 5 in. with a span of 30 in. 
It should be noted that the modulus of 
elasticity for the faces of sandwich 
radome materials is about 2.5 to 3.0 X 
10° psi., or approximately one-fourth 
that of aluminum alloys. It is in these 
large deflections that we find the great- 
est significant difference between testing 
sandwich radome materials and testing 
ordinary monolithic materials. In the 
case of simply supported beams, large 
deflections with corresponding angular 
deflections at the points of support 
introduce horizontal end forces which 
have a significant effect on the stresses 
that exist in the specimen at failure.* 


Fig. 1.—Relation Between Vertical and 
Horizontal Reactions. 


This precludes ignoring these horizontal 
reactions or calculating stresses at fail- 
ure with only vertical loads taken into 
account. Figure | illustrates the rela- 
tion between vertical and horizontal re- 
actions, and the bending moment at the 
center is seen to be 


Ve ‘ [z + tan (2A — a) | 


and the maximum stress is calculated: 


3 Forest Products Laboratory Report No. 
1556, revised October, 1948. 
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where 

bending moment, 
load, at failure, 
length, 

maximum deflection, 
depth of beam, 

max. stress, at failure, 
width, 

thickness, and 


i= 
L 
A 
d 
if 
b 
t 
6 = angular rotation at support. 
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This formula is based on the assump- 
tions that the faces carry all axial 
bending loads and the stress in the face 
is uniform. These assumptions, while 
not strictly correct, are consistent with 
usual stress analysis and are considered 
satisfactory since the error introduced 
is essentially eliminated when the same 
assumptions are made for applying test 
data to design problems. 

Ordinary flexural testing procedures 
indicate the following calculation for 
maximum bending moment: 


IENG 
ear’ 
Making the same assumptions as noted 
above, as well as ignoring horizontal 
reactions, the maximum stress at failure 
is calculated: 


M 
de) 


To show the error introduced by the 
latter, consider a simply supported, 3- 
in. wide beam with 0.042-in. faces and 
0.400-in. over-all thickness tested on-a 
30-in. span. The load at failure was 
127 lb. and the deflection, A, at the 
center was 3.0in. The angular rotation 
of the beam at the supports was 19 deg. 
According to the former method, the 
stress at failure was 22,600 psi. and 
according to the latter method 21,100 
psi. or an error of 6.2 per cent. This 
example incidentally is not an extreme 
case. 

Whenever high deflections are ex- 
perienced in flexure tests, a significant 
change in span length can occur if the 
radii of the end supports are a reason- 
able percentage of the original span 
length. For some materials, this effect 
may be eliminated simply by reducing 
the radii of the supports. In the case 
of the subject materials, however, with 
their combination of thin faces and weak 


a3. WV. Westwater, “Flexure Testing of Plastic 
Materials,’ ” Proceedings, Am, Soc. Testing Mats., 
Vol. 49, p. 1092 (1949). 


core, the use of such small radii would 
probably allow local crushing. Such 
crushing can be eliminated entirely by 
the use of suitable bearing plates be- 
tween the small radius end supports and 
the sandwich specimens. 

Stiffness factors can be obtained by 
testing beams of two different lengths 
wherein the shorter beam is the mid- 
section of the longer. In this way, 
variations of the material are not intro- 
duced into single sets of calculations, 
Deflection data should be limited, for 
obvious reasons, to values below the 
proportional limit, and for the longer 
30-in. beam the data should be limited 
approximately to a 1l-in. maximum 
deflection so that the horizontal re- 
actions have little or no effect. One of 
the problems associated with deter- 
mining stiffness factors to a reasonable 
degree of accuracy is that standard 
testing machines are usually not ac- 
curate in the range of load from 0 to 
200 lb. A type ‘“C” Tate-Emery air 
cell equipped with a portable, self- 
contained, two-dial Bourdon tube in- 
dicator for ranges of 40 and 200 lb. has 
been used with good results. Equip- 
ment of this nature is available com- 
mercially. 

The width of specimen is a function 
of the type core material which is used. 
Large cell size materials such as honey- 
comb require a wide specimen to 
minimize edge effects. Erratic results 
obtained when too narrow a specimen 
of honeycomb core sandwich material 
is tested can be eliminated by using a 
3-in. wide specimen, inasmuch as a 
z-in. cell size is the largest generally 
used in X-band sandwich radomes. 

X-band radomes are most frequently 
molded under vacuum pressure applied 
by means of a flexible membrane 
“‘bag’’ placed over the assembly, sealed 
around its edges, and evacuated. When 
honeycomb or other large-cell core ma- 
terial is employed, this molding tech- 
nique causes dimpling of the “bag’’- 
molded face. Such dimpling and other 
irregularities make measurement of the 
finished face thickness difficult at best. 
Computation of stress values on the 
basis of unreliable face thickness meas- 
urements can lead to serious errors. 
Since the strength of a glass fabric base 
laminate depends mainly on the glass 
fabric employed, nominal face thickness 
values produce more useful results than 
most measured thicknesses. This is 


especially true when it is desired | 
compare results of two separate test, 
A comparison of laminate thicknesgs 
prepared by several aircraft compani 
was made with nominal values publishe 
by Owens-Corning Fiberglas Corp, 
was seen that very little difference : 
thickness per ply existed. On ’ 
basis, the nominal values published § 
Owens-Corning are suggested for stan 
ard use. 

With any material as inherent 
variable as a radome sandwich 
struction, a statistical approach in dal 
analysis is desirable. The determinati« 
of the standard deviation and limits 
averages in accordance with A.S.T. 
Manual on the Presentation of Data 
extremely useful.® 

There are other factors which app), 
generally to the testing of sandwiy. 
radome materials and which will om, 
be mentioned here. Among these § 
conditioning of specimens which |; 
particularly important in the case } 
foam type core materials. Standal 
conditioning for 48 hr. at 25 + 1 
(77 + 2 F.) and 50 + 2 per cent relati 
humidity is considered  satisfactomy 
This is shown in A.S.T.M. Tentatit 
Methods of Conditioning Plastics ary, 
Electrical Insulating Materials for Tesi 
ing (D 618 — 49 T).6 The orientatid 
of fibers in the faces and the orientatii 
of directional type core materials wii} 
respect to the test specimen depend ‘f 
the purpose of the particular tests uncy 
consideration. Experience has show} 
that the most reproducible results #}j 
obtained with the face fibers runniy 
parallel and normal to the length 
the specimen. With respect to this, ¥ 
is questionable that tests conducty, 
with fibers at an angle, say 45 deg., haut 
much application. The orientation 4 
directional type core materials in " 


when stiffness factors are desticem 
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20 #8 (TP32) 


ASTM BULLETIN 


February 1 


Eh otal of the 
rties of structural sandwich con- 
ions and component materials 
been carried on at the Forest 
ets Laboratory for nearly a dec- 
Much of this work has been done 
operation with the ANC (Army- 
-Civil) Technical Subcommittee on 
Aircraft Structures and has been 
ued in cooperation with this 
, now the ANC-23 Panel on Sand- 
Construction of the Subcommittee 
ir Foree-Navy-Civil Aircraft De- 
Criteria, Aircraft Committee, Na- 
1 Military Establishment, Muni- 
Board. 

ing the early years of the recent 
d War, the Forest Products Labora- 
had done intensive work on ply- 
, which led to the development of 
criteria for the use of wood and 
ood in aircraft. This work has been 
shed as ANC Bulletin 18, ‘Design 
ood Aircraft Structures.’ There- 
since sandwich constructions are 
to be orthotropic in nature, as are 
and plywood, it seemed logical to 
pt to expand these design criteria 
clude sandwich constructions. Some 
e testing procedures described in 
paper are the results of studies made 
eck the conformance of sandwich 
tructions to these design criteria and 
intended to simulate in so far as 
ible theoretical loading conditions 
pading conditions that might pre- 
in service. Based on the results of 
2 tests and their correlation with 
1ematical analyses, a bulletin on 
m criteria for sandwich construc- 
3 is now in preparation. 
Iditional studies to evaluate the 
bility of sandwich constructions for 
r structures, such as housing, were 
made at the Laboratory, and these 
procedures will be outlined. 
me of the first sandwich construc- 
; tested were composed of plywood 
gs bonded to balsa wood cores, the 
of construction that was used in the 
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British Mosquito bomber. Following 
these were sandwich constructions hav- 
ing papreg, aluminum, glass cloth, and 
steel facings combined with cores of 
balsa wood, pulpboard, cellular cellulose 
acetate, cellular hard rubber, corkboard, 
and cellular honeycomb cores of paper, 
cotton cloth, glass cloth, or aluminum 
foil. The purpose of testing such a wide 
range of materials was to be sure that 
the design criteria evolved would be 
correct for materials of extremely dif- 
ferent mechanical properties. Mathe- 
matical analyses were derived for vari- 
ous structural elements, such as 
columns, beams, or panels, and tests 
were made to substantiate the theo- 
retical calculations. The comparison of 
experimental results with the theoretical 
calculations led to design criteria. 

A prime consideration was the be- 
havior of flat or curved panels loaded in 
various ways. This, in turn, involved 
investigation of the stiffness of the 
sandwich in order to be able to deter- 
mine panel stability under edgewise 
loads or the deflection of panels under 
transverse loads. Most sandwich con- 
structions have relatively weak cores 
that allow appreciable deflection of the 
sandwich due to shearing deformations 
in the core. In order to calculate theo- 
retically the buckling loads or deflec- 
tions, it was necessary to know the 
properties of the component parts of the 
sandwich. 


TrstiInc or Factnc AND Corr Ma- 
TERIALS 


Stress-strain curves of the facing ma- 
terials were obtained by testing samples 
of the facing material in compression. 
The modulus of elasticity could have 
been determined by a tension test, but 
knowledge of the behavior at compres- 
sive stresses greater than the propor- 
tional limit was needed to predict in- 
stability failures in compression. There- 
fore, the compression test was made, 
because behavior in compression was 
quite different than that in tension and 
was always the controlling mode of 
failure. Since the facings were thin, it 
was necessary that they be supported 
laterally during test to prevent buckling. 
This was done by lightly clamping the 
entire specimen, except for the very 
ends, between two I-shaped bars of 
steel 4 in. thick. In addition, the 
specimen was dumbbell shaped to in- 
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sting of Sandwich Constructions at the Forest Products 


duce failure in the body of the specimen. 
The central 2 in. of specimen length 
were | in. wide and the ends were 2 in. 
wide, faired out by a radius so that the 
total length of the specimen was just 4 
in. plus four times its thickness. Strains 
were measured over a 1-in. gage length 
at the central section by means of a 
Marten’s mirror apparatus mounted on 
the edges of the specimen. 


} 
{ 


Fig. 1.—Shear Test of Core Material to 

Determine the Shear Modulus in Planes 

Perpendicular to Facings and Parallel to 
the Applied Force. 


This test was also used to determine the shear 
strength of core materials. 

Other properties of the facings, such 
as modulus of rigidity or Poisson’s 
ratio, were known if the material was 
isotropic; if it was not isotropic, these 
properties were determined on thicker 
samples by methods similar to those 
used for core materials. 
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Required properties of the core ma- 
terial were the shear moduli, the moduli 
of elasticity, and the Poisson’s ratios. 
Because most core materials are not 
isotropic, these properties had to be de- 
termined in three different directions. 


attached to measure the motion of one 
plate with respect to the other. Al- 
ternately, deformations were measured 
by means of mirrors. One mirror was 


attached solidly to one of the loading 
plates, the other was mounted on two 


Fig. 2.—Test to Determine Shear Modulus of a Plate of Core Material. 


The dial measures twice the deflections of the surface relative to the center of the plate. 


Fig. 3.—Compression Test of Core Material Showing Marten’ s Mirror meuabattia Being 
Used to Measure Strains. 


The shear moduli were determined by 
several methods. The modulus in 
planes perpendicular to that of the 
facings and parallel to the direction of 
the applied force was obtained, together 
with shear strength, by bonding the 
core material between two steel plates, 
which were then loaded to induce shear 
in the core (Fig. 1). Deformations 
were measured by means of a dial gage 
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pins placed in the core in a plane normal 
to that of the facings. The relative 
rotation of this mirror with respect to 
the mirror mounted on the loading 
plate, as measured by means of a light 
beam and scale, gave the shearing de- 
formations. The use of the mirrors 
eliminated the possibility of including 
slipping in the adhesive as part of the 
shearing deformation. 
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i 
This modulus was also determin 


by flexure tests of specimens of sai 
wich construction. Identical or clos 
matched specimens were tested over 
different spans. The shear modulus y 
determined by simultaneous solution 
the deflection formulas, which inelua 
shear deformation terms. 

Shear moduli associated with shears 
strains in the plane of a plate of core 
terial, or planes parallel thereto, 
obtained by loading a square platet 
the core material on opposite ends of (; 
diagonal while supporting it at the ot 


two corners, as shown in Fig. 2, : 


Fig. 4.—Compression Test of Core ||) 
terial Showing Use of Tuckerman Géeh 
Adapted to }-in. Gage Length. 
orthotropic materials, any shear mq 
lus can be determined by suits 
orientation of the core material. | 
size of specimen was such that the r’ ! 
of length of side to thickness was # 
less than 20 nor greater than 40. © 
deflections of the resultant sadf 
shaped surface at any load, convenie! 
agate by the apparatus show1 
Fig. 2, were all that was needed to | 
culate the shear modulus. 
A less accurate method of measu/ 
shearing moduli, but one useful for 
liminary investigations, is that in w! 
the core material is used as a tor) 
pendulum. The modulus obtained 
that associated with strains in| 
length-width plane of the specitif 
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7 5 
g Diam End Rod 


Roller Support 
4 


nd of a strip of rectangular cross- 
nm is clamped and a suitable bob 
at the free end. The modulus is 
ated from the period of vibration 
bob, which is determined by tim- 
n complete vibrations. 
e moduli of elasticity were deter- 
by placing a 2-in. square, 5- 
. long, piece of the core material 
pression. If such a specimen was 
vailable, it was built up. If the 
terial was sturdy enough to sup- 
the apparatus, the deformations 
measured with a Marten’s mirror 
ressometer as shown in Fig. 3. 
softer core materials, a Tuckerman 
was used to measure deformations. 
re 4 shows the Tuckerman gage 
ted to a }-in. gage length, with the 
supported by small nails. This 
tation of the Tuckerman gage was 
useful in’ determining the deforma- 
in short specimens of core ma- 
s. These deformation-measuring 
es fail to operate properly if the 
material is so soft that it will not 
ort the gage without creep occur- 
In these cases, deformations were 
ured by observing high lights on 
sharpened pins placed in the 
men. The distance between pins, 
e same vertical plane, normal to 
irection of loading, was measured 
sans of filar microscopes. 
sson’s ratios of the core material 
measured by placing the specimens 
lorizontal type of testing machine. 
‘trains at several loads within the 
¢ limit, and in a direction parallel 
e direction of loading, were meas- 
with a Tuckerman gage. The 
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-—Sketch Showing the Details of the Fixtures by Which Simple Support of the 
Loaded Edges of Sandwich Panels Was Attained. 


load was then removed and the gage 
placed to measure strains at right angles 
to the direction of loading. The lateral 
strains were measured at the same loads 
used to measure the parallel strains, and 
Poisson’s ratios were calculated as the 
ratio of the strains. 


Tests or Arrcrarr SANDwicH Con- 
STRUCTIONS 


Since aircraft structures are made up 
of various types of panels, flat or 
curved, and these panels are usually 
thin, it is essential to be able to predict 
the loads at which instability will occur 
or the deflections that certain transverse 
loads will produce in these panels. 

Accordingly, flat panels of several 
sizes and constructions were tested in 
edgewise compression with different 
types of edge support. Simply sup- 
ported edge conditions were approxi- 
mated on the loaded edges by placing 
the panels in a series of short, slotted, 
round bars that were placed on small - 
rollers, as shown in Fig. 5. Simply sup- 
ported edge conditions at the sides of 


Fig. 6.—Test of a Flat Panel in Edgewise Compression. 


All edges held to simulate simply supported edge conditions. 
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the panel were obtained by supporting 
the panel between segments. of narrow 
bars designed to hold the edges straight 
but adjustable for various panel thick- 
nesses. Figure 6 shows a panel being 
tested under simply supported condi- 
tions at all edges. Electrical resistance 


Edgewise Shear and Compression. 
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Fig. 7.—Test of a Flat Panel in Edgewise Compression. 
Loaded edges are clamped and sides are simply supported. 
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Fig. 8.—Test of a Panel of Sandwich Constructions 


Edgewise Shear. 


strain gages were used to measi, 
strains at various points in the pale 
and dial gages were used to meas 
lateral deflections. The buckling lox 
were determined on the basis of © 
load-strain and load-deflection curvy 
Clamped edge conditions at the si 
of the panel were simulated by hold 
the sides between stiffened angle ira 
Clamping of the loaded edges of © 
panel was approximated by bolting # 
ends of the panel between stiffened am 
irons. A panel being tested with loa 
edges clamped and remaining ed) 
simply supported is shown in Fig, 
Similar tests were made on flat pa 
having all edges clamped. ; 
Flat panels were also tested in e@ 
wise shear to determine their buckl 
characteristics. They were loa 
through heavy plywood rails bonde 
the panel at its edges. Shear was 
duced in the panel by pulling the fray 
work diagonally through pins placed: 
the ends of the rails as shown in Fig 
Electrical resistance gages were used 


= 


a 
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).-—Testing Arrangement for Subjecting Panels of Sandwich Construction to Com- 


bined Edgewise Shear and Compressive Stress. 


is points on several panels to de- 
e the quality of the shear in- 
in the panel. Buckling loads 
determined by observing the lat- 
flection of the center of the panel. 


|.—Test of a Sandwich Construction 
ermine the Wrinkling Behavior of 
: Facings Under Shear Stresses. 


ary 1950 


Combined edgewise shear and com- 
pression tests on flat panels were made 
by enclosing the panel in a heavy frame- 
work of wood glued to the panel. Figure 
9 shows the panel before assembly. The 
proportion of shear to compression was 
controlled by placing the opening in the 
frame (which would be the size of panel 
actually being tested) at different angles 
to the direction of the applied load, 
which was always in compression paral- 
lel to the edges of the framework, as 
shown in Fig. 10. Strains used to de- 
termine the compression and shear ap- 
plied were measured at different points 
on the panel by means of electrical re- 
sistance strain gages. The buckling of 
the panel was observed by measuring 
the lateral deflections with dial gages. 

Uniform load tests, in a direction 
normal to the facings, were made on 
flat panels of sandwich constructions by 
placing the panels over an airtight, open- 
end box. The panel was held down at 
the corners with clamps. The edges 
were sealed airtight to the end of the box 
with strips of sponge rubber, but were 
left free to turn up as the load was ap- 
plied, thus approximating the case of 
simply supported edges. A vacuum 
drawn inside the box provided the 
means for applying the load. The load 
was measured with a manometer. De- 
flections at the center of the panel were 
measured with a dial gage. 

Curved panels of sandwich construc- 
tions were tested in axial compression. 
The panels were stiffened at the ends 
with an additional strip of thin alu- 
minum or plywood bonded to each 
facing to prevent local compression 
failures. The edges of the panel were 


ASTM BULLETIN 


held straight in a shallow, loose-fitting 
groove cut into wood edge rails, which 
were shorter than the panel so that they 
would not carry any load. The upper 
end of the panel was brought to bear 
against the upper head of the testing 
machine, while the lower end rested on a 
flat plate supported by a large, spherical 
bearing. This plate was adjusted to 
bear uniformly on the specimen under a 
small initial load and was then held in 
place by jack screws placed at the cor- 
ners of the plate. The load was applied 
until failure occurred. Electrical re- 
sistance strain gages were placed at 
several points across the width of some 
of the panels to check the distribution of 
load. The lateral deflections of the 
flatter panels were measured by means of 
dial gages. The buckling of panels 


curved to a smaller radius occurred sud- 
denly and without previous lateral de- 
flection, so that no lateral deflections 
were required to obtain the buckling 
load. 

One of the possible modes of failure of 
sandwich construction, which applies to 


Fig. 12.—Test of Sandwich Construction in 
Tension Normal to the Facings, Used to 
Determine Strength of Facing-to-Core 
Bonds. 
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most structures, is wrinkling of the 
facings. The problem is similar to that 
of a column supported _ elastically 
throughout its length. Tests to check 
stresses at failures of this type were made 
by compressing a short column of the 
sandwich construction. If necessary, 
the ends of the facings were supported 
with small bar clamps or were cast in 
plaster or resin to prevent end failures at 
low loads. Strains in the facings were 
measured with electrical resistance-type 
strain gages. Theoretical considera- 
tions of this type of failure of sandwich 
showed that it is possible that small ir- 
regularities in the facings may cause 
early wrinkling failures. Therefore, the 
original profile of the irregularities in the 
facings was measured by traversing the 
specimen with an apparatus reading de- 
flection to 0.0001 in. During the test 
of the specimen, the growth of these 
original irregularities was observed at 
increasing loads by means of an ap- 
paratus arranged to traverse the length 
of each facing. This apparatus con- 
sisted of one dial placed at each facing to 
read the deflections and another dial ar- 
ranged to read the vertical position of 
the lateral dials as the traverse was 
made. The traverse was made rapidly, 
in about 5 sec., so that plastic flow effects 
were small, and the dials were photo- 
graphed with a motion picture camera 
as the traverse was made. The readings 
of the dials were subsequently trans- 
cribed from the film. Tests of sandwich 
constructions conducted in this manner 
showed that the irregularities did grow 
and cause wrinkling failures at lower 
loads than formerly predicted. 


The elastic stability of the facings of 
sandwich panels subjected to shear was 
measured by loading a small panel in a 
manner similar to that used to test the 
buckling of large flat panels in shear. 
Figure 11 shows the apparatus used to 
determine the wrinkling behavior of the 
facings. 

Another factor that must be consid- 
ered in the properties of sandwich con- 
structions is the quality of the bond be- 
tween the facings and the core. Since 
sandwich constructions must function as 
a unit, it is essential that this bond be 
good enough to meet this requirement. 
Various methods have been suggested 
for determining the quality of the 
bond. The method most often used at 
the Forest Products Laboratory was to 
test a l-in. square sample of the sand- 
wich in tension normal to the plane of 
the sandwich. The load was applied 
through aluminum cubes bonded to the 
facings of the sandwich. Figure 12 
shows how the cubes were loaded 
through pins; the lower pin was placed 
at right angles to the upper pin, thus 
placing the specimen at the center of a 
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INITIAL POSITION 
OF PENDULUM 


Fig. 13.—Diagrammatic Sketch Showing 

Method of Making Strip Test for Evalu- 

ating Quality of Bond Between Facing and 
Core of Sandwich Materials. 


universal joint and avoiding eccen- 
tricities of load application. 

Alternately, a method for measuring 
bond quality was to strip the facing 
from the core under impact load and to 
measure the energy required. This was 
done by placing the specimen in a 
special clamping fixture and pulling the 
facing from the core by means of the 
Laboratory’s pendulum-type toughness 
machine. A diagrammatic sketch of the 
apparatus is shown in Fig. 13. The 
facing was pulled at an angle of 60 deg. 
measured from the plane of the sand- 


Of the many nondestructive method 
used in attempts to detect unbonde 
areas in the completed sandwich pane 
the one that was thought simplest and} 
most reliable was tapping of the facing: 
and listening for changes in sound of hi 
tapping. Other methods tried were | 
special lighting to detect blisters, 
supersonic inspection, (3) exposure 
the panel to vacuum, (4) placing ; 
vacuum cup over portions of the panel 
(5) internal pressure, (6) heating — 
complete panel, (7) local heating, or 
pulling on buttons bonded to the fae 4 
ings at various points. Unbonded are: af 
were detected by many of the method 
but the location of poorly bonded area 
was not always possible. 

The durability of sandwich construch 
tions was measured in several ways 
Qualitative tests of durability were made 
by exposing sandwich panels to actual 
and to artificial aging and weathering 
conditions. 

The behavior of a sandwich unde 
repeated loading conditions was del 
termined by subjecting specimens o 


8 


Fig. 14. oe pasate ras Applying Constant Load to a Shear Specimen of Sandwich Co! ; 


wich. The position of the specimen in 
relation to the axis of rotation of the 
pendulum was adjusted so that the im- 
pact was delivered to the specimen when 
the pendulum was at an angle of 35 
deg. from the vertical, and the pendulum 
bob was placed far enough from the 
axis of rotation so that the facing was 
stripped from the core throughout its 
entire length. 
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Material for Observing Creep Characteristics. 


core material to fatigue tests in shea 
The type of specimen was similar (7 
that used to obtain shear strength all 
modulus (Fig. 1). 

Performance of sandwiches und/ 
constant load for long periods of ti 
(creep test) was investigated by loadi 
shear specimens of core materials 
different percentages of maximum loa‘ 
as determined from tests of match} 
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Bi specimens in shear (Fig. 1). The 
ratus used for applying the constant 
is shown in Fig. 14. Shear was in- 
1 in the specimen by applying 
e forces as for the fatigue tests. 
rmations were measured with mir- 
mounted on knife-edges supported 
ojecting ears of the facing material, 
eadings were taken at various time 
vals until failure occurred. The 
to failure was obtained by arrang- 
he apparatus to interrupt the cir- 
o an electric clock that was started 
the load was first applied. 
order to determine how sandwich 
ructions will behave at elevated 
sratures and under conditions such 
e met in operating aircraft at 
sonic velocities, tests of long and 
columns, shear tests, tension 
and tests of aluminum lap joints 
conducted at elevated tempera- 
up to 600 F. The testing methods 
similar to those outlined pre- 


y. 


, Or OTHER SANDWICH CONSTRUC- 
TIONS 


. Forest Products Laboratory’s 
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Testing Machine Platform 


Fig. 15.—Racking Test of House Wall Panel. 


work on sandwich constructions of a 
type proposed for use in housing has 
dealt with constructions usually much 
thicker and of weaker materials than 
sandwiches for aircraft. They were 
composed of aluminum or plywood 
facings on cores of expanded paper 
honeycomb or corrugated paper. Tests 
were conducted on full-size panels, such 
as would be used in a house, and condi- 
tions of support and loading simulated 
actual use as much as possible. 

Floor, wall, and roof panels were sub- 
jected to bending loads. Panels were 
supported at the ends, and the load was 
usually applied at two quarter points. 
Deflections up to design load and also 
to 24 times design load were obtained 
by observing the motion of a scale at- 
tached at the center of the span relative 
to a fine wire stretched from the end 
reaction points. Several panels incor- 
porating large overhang for roofs were 
loaded under dead load of loose sand up 
to 2+ times the design load. Maxi- 
mum loads were always obtained by 
testing the panels under loads applied a 
two quarter points until failure occurred. 

Floor, wall, and roof panels were also 
tested under impact bending loads. 
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Fig. 16.—Experimental 
Panels Ganstaeicd at voreet Products Laboratory. 


sete incall 
Built of Sandwich House 


This was done by supporting the panels 
at the ends, as for the static type of 
bending test, and applying loads at the 
center of the panel by dropping a 10- 
in. diameter, 60-lb. sandbag from vari- 
ous levels. The sandbag was raised to a 
required height above the center of the 
panel and dropped by tripping a re- 
lease mechanism. The bag was then 
dropped from higher levels in incre- 
ments of 1 ft. until failure occurred. 
Central deflections at impact were 
measured by observing the motion of a 
scale placed under the panel and in 
contact with it at the point of impact. 
This scale was held in a sleeve by fric- 
tion. Thus, when the impact deflected 
the panel, the scale was pushed through 
the sleeve the distance that the panel de- 
flected. 

Another test performed on all panels 
was the indentation test. The panel 
was supported on the full span and 
loaded at the center through a bar 1 in. 
in diameter. The deflection was ob- 
served with a scale and wire apparatus, 
and indentation with a dial gage. 

Wall panels were tested in compres- 
sion. The lateral deflection and the 
total compression were measured with 
dial gages. . 

Racking tests were made on wall 
panels to simulate conditions of wind 
load on the walls of a house. The ap- 
paratus used is shown in Fig. 15. For 
some panels which were to be used in 
one-story houses, the hold-down rod 
was not used because it was felt that the 
roof loads would usually be so light that 
the compression imposed by the hold- 
down rod would not be realistic. De- 
flections of the panel at various points 
were measured with dial gages. 

Durability of housing sandwich con- 
structions was determined by com- 
paring the flexural strength of small 
specimens after exposure with that of 
control specimens. The exposure cycle 
used was as follows: 


1. Immersed in water at 122 F. for 1 hr. 
2. Sprayed with wet steam at 194 to 
200 F. for 3 hr. 
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3. Stored at 10 F. for 20 hr. 

4, Heated in dry air at 212 F. for 3 hr. 

5. Sprayed with wet stream at 194 to 
200 F. for 3 hr. 

6. Heated in dry air at 212 F. for 18 hr. 


Specimens were subjected to six com- 
plete cycles prior to testing. Samples 
were also tested wet after soaking in 
water for several days. 

The behavior of panels under unsym- 
metrical conditions of temperature and 
humidity was observed by placing the 
panels in wall openings between two 
rooms, one maintained at room tempera- 
ture and humidity conditions and the 
other at —20 F. The amount of bowing 
or warping was measured with dial 
gages. The amount of water absorbed 


was determined by weighing the panels 
periodically. The occurrence of icing 
inside the panel was checked by cutting 
open the panel. 

In order to obtain a realistic test of 
panels under actual use conditions, a 
unit consisting of sandwich construc- 
tions in the walls, floor, and roof was 
built on the laboratory grounds (Fig. 
16). This unit has several different 
types of panels, placed individually so 
that they can be easily removed or re- 
placed. Since they are not connected 
structurally to each other, individual 
performance with regard to bowing and 
warping can be measured periodically. 
The indoor conditions can be controlled 
at any temperature and humidity that 
may be expected in a dwelling. This 


i 


unit has been under test for about { 
yr. 


| 
| 
| 
i 


CONCLUSION 
| 


Research on sandwich constructi¢ 
of both the aircraft and the ho 1 
type is continuing at the Forest Prod i 
Laboratory, and many of the data tl 
have been obtained are available in ; 
port form. Those reports with spect 
regard to testing methods are Rez 
No. 1555, ‘Methods of Test for ] 
termining Strength Properties of Cll 
Material for Sandwich end ep 


Normal Temperatures” and Report 
1556, “Methods for Conducting 

chanical Tests of Sandwich Construct? 
at Normal Temperatures.” 


Durability Tests 


ie Chance Vought 
Aireraft Division of United Aircraft 
Corp., in cooperation with the U.S. De- 
partment of Navy, Bureau of Aeronau- 
tics, has developed a lightweight, high- 
strength sandwich construction known 
by the trade name of Metalite. This 
composite material consists basically of a 
relatively thick end-grain balsa core to 
which are bonded thin facings of high- 
strength aluminum alloy. It has pro- 
vided the designer with a material hav- 
ing properties of excellent aerodynamic 
smoothness, a high  strength-weight 
ratio, and freedom from skin buckling 
not generally attained by conventional 
sheet metal construction. 

It was developed primarily for design 
and construction of carrier-based naval 
aircraft that would operate in all. types 
of climatic conditions throughout the 
world. It was therefore paramount that 
the material possess a high, uniform 
quality in order that deteriorating 
media such as moisture, fungus, salt 
water, and temperature extremes would 
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of Metalite Sandwich Construction 


By David G. Reid’ 


not reduce structural integrity through- 
out the operational life of the aircraft. 
In view of these rigid requirements, 
initial development was directed toward 
producing the highest quality practica- 
ble and conducting varied and exhaus- 
tive tests to establish the suitability of 
this type construction for use in high 
performance naval aircraft. 

It is the purpose of this paper to dis- 


cuss certain of the typical test proce- 
dures used by Chance Vought Aircraft 
to determine the effects of accelerated 
and natural exposure on its strength 
and general efficiency. An account of 
the broader aspects of its development 
has been presented in another paper.* 


ACCELERATED WHXPOSURE 


The use of balsa as an end-grain core 
for sandwich construction originally 
posed many questions regarding dura- 
bility because of its known inherent 
susceptibility to moisture absorption 
and the resultant dimensional change. 
In spite of available data on balsa at 
that time, it was believed that the par- 
ticular use of balsa as an end-grain core 
would show a different behavior in the 
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‘been presented by the author. 


Fig. 1.—Standard Tension Sample. 


| 
completed sandwich construction. 1 
assumption was prompted by the {| 
that the end-grain surface is sealed ¢ 
the metal facings and the exposed fi 
grain balsa at the panel edges is a mj 
tively small surface area compared 
that of the bonded area of the sandw 
panel. A more complete evaluatior 
balsa as a core material has previo 


A test typical of those devised 
study the general durability of Met 
was the exposure of sandwich pai 
having end-grain cores of balsa or malyh 
any to cycles of water immersion, subi 
temperature, and elevated temperat 
Mahogany was selected as a compar) 
standard since it is used as a core inl 
and edging material in Metallite || 
possesses known characteristics of g 
durability, bondability, and dimensié 
stability. 

Panels of end-grain balsa and ¢ 
grain mahogany were fabricated u 
the Cycleweld C-3 cement and py 
12041 adhesive system. The faci! 
were 0.012 by 14 by 14-in. 248-T-! 
aluminum alloy. The cores were # 
thick and were conditioned in a | 
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C-Balsa Core-Edge Protected 


Test Specimen Weight, g. 


63 ———] 


24.448 #72 96 
Exposure, hr. 


120 


D-Balsa Core-Edge Unprotected 


na 


144 168 192 216 


Fig. 2.— Weight Change During Cyclic Exposure. 


atmosphere of 75 to 80 F. and 50 
per cent relative humidity prior to 
assembly and bonding. After 
ng, the sandwich panels were con- 
ed in the same controlled atmos- 
. From each panel six test speci- 
4 by 6 in. in size, were prepared. 
test specimens from each panel 
etained as controls, two were left 
the specimen edges unprotected, 
e edges of the remaining two were 
ted with two coats of Specification 
-26 spar varnish sealer plus one 
oat of aluminized spar varnish 
. The 4 by 6-in. test specimens 
then conditioned to equilibrium 
t in the controlled atmosphere 
usly described and their weight de- 
ned to the nearest 0.01 g. 

edge-protected and unprotected 
pecimens having either mahogany 
usa cores were exposed to three 
3, each cycle consisting of immer- 
n tap water for 24 hr. at room tem- 
ure, followed by 24 hr. at —65 F’. in 
igerated chamber and ending with 
. at 200 F. in an electrically-heated 

The weight of individual test 
mens was determined at the be- 
ng and end of each single phase of 
cycle. These data are summarized 
2. It may be noted that the test 
mens having edges protected with 
andard sealer finish exhibited only 
all change in weight throughout 
ure, and the balsa core specimens 
bed slightly greater amounts of 
ure than the mahogany core speci- 
_ Asacheck to determine the quan- 
ve effect of exposure on strength, 
ar tension specimens, as shown in 
1, were cut from the exposed test 
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specimens and from those retained as 
controls. The 2-sq. in. circular test 
specimens were bonded between duralu- 
minum tension blocks with Redux 
adhesive and then tested in tension 
(perpendicular to plane of sandwich) 
until failure. Testing was done using 
self-aligning grips in a Baldwin-South- 
wark Universal Testing Machine of 120,- 
000 lb. capacity. The data in Table I 
show the tensile strengths of samples 
taken from the exposed protected and 
unprotected specimens and the speci- 
mens retained as controls. It may be 
noted that no significant reduction in 
tensile strength resulted for protected or 
unprotected specimens having either 
balsa or mahogany cores. Considering 
the severity of the exposure test, the 
data proved of great value in that such 
exposure would be less detrimental on 
large panels normally used in airframe 
construction because of the lower ratio 
of panel edge area to the bonded area of 
the entire panel. In all cases the general 
level of tensile strength for the exposed 
samples was in excess of the minimum 
required for acceptance in production. 
The acceptable minimum established 
for production quality control is a 900 
psi. average for four specimens with no 
single value to be less than 700 psi. 
One of the major problems confronting 
the aircraft designer of today is the effect 
of service temperatures on the strength 
of aircraft structures. Since Metalite 
sandwich construction was developed for 
use in highly stressed airframe compo- 
nents, it became necessary to study its 
behavior throughout wide ranges of 
temperature. Of particular importance 
was the effect of various temperatures on 
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TABLE J.—EFFECT OF ACCELERATED 
CYCLIC EXPOSURE ON TENSILE 
: STRENGTH. 


Tensile Strength of 
Sandwich, psi. 


Specimen 
Treatment Balsa Mahogany 

Core Core 

1900 1610 

1675 1665 

1810 1810 

Exposed 8 cycles, 1660 1650 
unprotected......... 1550 1730 
1500 1500 

1740 1500 

1900 1500 

1550 1470 

1660 1830 

1765 1610 

1700 1835 

a 1555 1730 
Exposed 8 cycles, 1760 1900 
protected. access. 1765 1580 
1650 1870 

1600 1700 

1820 1740 

1750 1710 

1690 1760 

1570 1640 

1590 1570 

1720 1610 

1510 1570 

1660 1580 

Gontroland. cae tee ee 1510 1500 
1600 1530 

1670 1540 

1690 1520 

1630 1500 


Nore.—One complete exposure cycle consists 
of 24 hr. immersion in tap water at room tempera- 
ture, 24 hr. at —65 F. and 24 hr. at 200 F. 
the strength of the balsa core as well as 
the bonding agents used to secure the 
facings to the core. To establish the 
general tensile strength characteristics 
at temperatures ranging from —80 F. to 
250 F., a comprehensive test program 
was carried out such that all factors of 
materials and fabrication were carefully 
controlled. In addition, the experiment 
was replicated three times to provide 
necessary data for determining the range 
of values for any given condition of test. 


50 200 _ 150 75 oO -40 -80 
225 180 120 -20 -60 
Temperature, deg. Fahr. 


Fig. 3.—Effect of Temperature During 
Test on Tensile Strength. 


Metalite sandwich panels, 4 by 6 in. 
in size, were fabricated with the Cycle- 
weld-Durez adhesive system. The 
facings were 0.012-in. 248-T clad alumi- 
num alloy and the core was 8.0 lb. per 
cu. ft. balsa, 2 in. in thickness. Three 
sets of 36 panels each were prepared such 
that each set was fabricated in separate 
bonding cycles using cores made from 
one selected stick of balsa. From each 
panel, six circular tension specimens were 
cut and bonded between duraluminum 
tension grips with Redux adhesive as 
shown in Fig. 1. The 216 tension speci- 
mens of each set were assigned identify- 
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ing numbers and then randomly divided 
into twelve subgroups of 18 specimens 
each. Each of the twelve subgroups 
was then tested at one assigned tempera- 
ture condition between —80 F. and 250 
F. At temperature levels below room 
temperature, the specimens were con- 
ditioned and tested in an altitude cham- 
ber maintained at the desired tempera- 
ture for the test. The load was applied 
to each specimen by means of hydraulic 
cylinders and self-aligning testing grips. 
The ultimate load was recorded by elec- 
tric strain gages attached to the linkage 
system of the hydraulic loading mecha- 
nism. At temperatures above room tem- 
perature, the specimens were con- 
ditioned to the desired test temperature 
in an insulated chamber heated by elec- 
tric elements and mounted between the 
heads of a Baldwin-Southwark Universal 
Testing Machine. When the condition- 
ing temperature had been reached and 
maintained, the specimen was tested in 
tension until failure. 


Another complete series of test panels 
and specimens were prepared in an 
identical manner except that Redux ad- 
hesive was used as the facing to core 
bonding agent. This was done in order 
to observe the behavior of two distinct 
adhesive systems under similar condi- 
tions of test at various temperatures. 

In Fig. 3 are summary curves showing 
the average tensile strength of Metalite 
sandwich construction at various tem- 
peratures from —80 F. to 250 F. These 
data proved to be a valuable asset in 
predicting the general behavior of 
Metalite at various temperatures and 
provided a sound basis for planning and 
conducting additional test programs on 
the strength of structural elements. 

In the development and use of ma- 
terials for naval aircraft construction, 
one of the most important considerations 
is the effect of corrosive salt spray at- 
mosphere on strength. This factor was 
of particular importance in evaluating 
the efficiency of Metalite. Numerous 
tests have been conducted to study 
effects of corrosion at the bond inter- 
face. The data obtained have not 
served directly to predict behavior in 
service, but it has been useful in making 
rapid comparisons of the effects of 
variations in bonding materials and 
fabrication processes. 

One typical test consisted of exposing 
unprotected cantilever beam specimens 
to salt spray and then testing them in 
fatigue. The specimens were fabricated 
with the Cycleweld-Durez system using 
0.020 in. 758-T clad aluminum alloy 
facings and 7¢ in. thick, 9.0 lb. per cu. ft. 
balsa cores. After fabrication, the un- 
protected specimens were exposed for 
various periods of time in a standard 
salt spray atmosphere.’ Testing in 
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fatigue was done using a Krouse testing 
machine. The repeated load was applied 
(1800 cycles per min.) such that a com- 
plete reversal stress of -+20,000 psi. 
(static) was obtained in the metal fac- 
ings until specimen failure. The total 
number of cycles at time of failure was 
recorded for each specimen and plotted 
against number of hours exposed to salt 
spray as shown in Fig. 4. The failures of 
all specimens exposed to salt spray and 
those used as unexposed controls were in 
the metal facings. The general decrease 
in number of cycles to failure with an in- 
crease in number of hours exposure was 
due to localized stress concentrations 
caused by pitting and corrosion of the 
metal facings. 

Another typical test for determining 
the effect of salt spray exposure was de- 
termining its effect on the tensile 
strength of Metalite construction. One 
16 by 32-in. production panel fabricated 
with the Cycleweld-Durez system was 
selected for test. The panel was made of 
0.016-in. 248-T clad aluminum alloy 
faces and 9 to 12 lb. per cu. ft., 335-in. 
thick balsa core. From this panel 120 
standard tension samples were cut and 
bonded between duraluminum tension 
grips with Redux adhesive. The 120 
specimens were randomly divided into 
six groups of 20 specimens each. Re- 
taining one group as a control, the re- 
maining groups were each exposed for 
various periods of time to a standard 
salt spray atmosphere. The specimen 
edges were unprotected during exposure 
and therefore represented a very severe 
test as regards the relation of exposed 
edge area to the total bonded area. 
After exposure, the specimens were 
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100 
Salt Spray Exposure, hr. 


Fig. 4.—Effect of Salt Spray Exposure on Fatigue Strength of Unprotected Speci mt 


DURE ARRHEEE 


150 200 250 


Exposure to Salt Spray, hr. 


Fig. 5.—Effect of Salt Spray Exposur# 
Tensile Strength of Unprotected Sj! 
mens. 


tested in tension to failure in a Bald 
Southwark Universal Testing Maci 
using self-aligning grips.  Figu 
shows curves presenting the effect 
salt spray exposure on the tel 
strength. In order to indicate ther: 
of strength values obtained, curves * 
drawn through the maximum and © 
mum values of each group in additic/ 
the curve indicating the mean stre}! 
of each group versus exposure time}! 
is of interest to note that the a 
range of strength values remains f: 
constant regardless of length of exp 
time. Subsequent tests in which " 
mens were edge-protected and test 
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—Model F4U-4 Metalite Stabilizer. 


_ after salt spray exposure for 
»up to 1800 hr., showed no sig- 
t loss in strength. These data 
to demonstrate the protective 
sles of the finish system, particu- 
cases where the ratio of specimen 
ea was high with respect to total 
| area. 


SERVICE EXPOSURE 


most significant data on the dura- 
of Metalite construction have 
stained by testing Model F4U-4 


Report of the Engineer's Council 


THe Seventeenth Annual 
of the Engineers’ Council for Pro- 
1 Development gives an encourag- 
»ss-the-board picture of what the 
ring Profession is doing to improve 
apetence of its members and to 
ngineering work more rewarding 
mal satisfactions. For this reason 
nage recently published document 
3 a careful reading by all engineers 
» interested in the betterment of 
ession. 

ICPD is a conference organized in 
enhance the professional status 
igineer through cooperative efforts 
llowing eight engineering organiza- 
Am. Soc. Civil Engrs., Am. Inst. 
and Metallurg. Engrs., Am. Soc. 
ical Engrs., Am. Inst. Electrical 
Nat. Counc. State Boards of 
ring Examiners, The Am. Soc. 
ring Education, The Engineering 
* Canada, and the Am. Inst. 
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TABLE II.—STATIC STRENGTH OF MODEL F4U-4 STABILIZERS AFTER SERVICE 
OPERATION. 


The Static Test Loading Condition Simulated a Modified Inverted Low Angle of Attack Condition. 


+i : Service Area of Failure 
Stabilizer _ Plight Time, Service at per cent Type of 
Serial Time, hr, months Operations Design Ulti- Failure 
mate Load@ 
No. 58 + 2 Caribbean 165.0 
No. 59 ba 3 Caribbean 165.0 Attachment fittings 
ARS - 238.9 4 Caribbean 166.5 
Ne eAn eee Bah 12 Caribbean 165.0 
Roe aaa ie 3 she Pacific 153.9 Metal beam flange 
Ne. ee Pres eee ee 908 . ¢ Caribbean 154.1 
No. 5 1240.5 Caribbean 150.0 


Ki These values are in terms of per cent of design ultimate load for conventional all-metal stabilizers for 
previous Model F4U series. The minimum value for the Metalite design is 150 per cent. 


stabilizers after various periods of 
service operation. Under contract with 
the U. 8. Navy Department, Bureau of 
Aeronautics, approximately 400 stabi- 
lizers (Fig. 6) were produced by Chance 
Vought Aircraft for installation on 
Model F'4U-4 airplanes that were operat- 
ing in the Caribbean and Pacific areas. 
Periodically stabilizers were returned to 
Chance Vought for static test to destruc- 
tion to determine if any loss in struc- 
tural efficiency had resulted. In ad- 
dition, individual specimen tests of the 
basic sandwich were made after static 
test. Table II presents results of the 
static tests of stabilizers after varying 
lengths of service operation. According 
to the data obtained, no loss in struc- 
tural efficiency has resulted regardless of 
length of service, since the primary static 
test failures did not occur in the sand- 
wich construction. Tension tests of 
the sandwich have shown no loss in bond 
strength or deterioration of the balsa 
core. 


CONCLUSION 


One of the most important considera- 
tions in determining durability has been 
that of correct interpretation of the 


data obtained. The application of in- 
formation derived from accelerated 
tests is limited as far as predicting actual 
service durability but is invaluable in 
making comparisons of various materials 
and fabrication processes. In the final 
analysis, experience has shown that 
actual service exposure testing is the 
only means for determing true durability 
of this type material. However, the 
successful development of Metalite 
would not have been possible unless 
specific tests involving accelerated cor. 
ditions had not been conducted. 

There are several important factors in- 
volved in test programs to determine 
durability which have proved to have a 
direct bearing on applicability of results 
obtained. These are panel size, panel 
construction, number of tests, control of 
specimen preparation, test conditions, 
and control of test procedures. When 
possible, test programs are designed 
such that the data obtained can be 
statistically analyzed in order to make 
an accurate estimate of the mean, 
minimum, and maximum strengths as 
well as variance. These data can then 
be used with more reliability as bases for 
establishing quality control standards 
and structural design allowables. 


for Professional Development 


Chem. Engrs. It concerns itself with 
the professional, technical, educational, 
and legislative phases of the life of the 
individual engineer. Its principal work 
is done by four standing committees who 
address themselves to the betterment in 
methods of selection and guidance of the 
student engineer, the content of his college 
curriculum, the orientation of the gradu- 
ate engineer in industry, and finally the 
procedures by which he is awarded profes- 
sional recognition. The actual work of 
the ECPD is done by some 300 educators 
and practicing engineers who volunteer 
their services in the interest of the profes- 
sion. 

In the lead article, J. W. Parker, retir- 
ing ECPD chairman, calls attention to the 
progress achieved during the past year: 

1. The Pre-Engineering Inventory, a 

battery of tests for aptitude and 
achievement developed under 
ECPD sponsorship, was placed on 
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a self-supporting basis and made 
more accessible to guidance coun- 
selors and persons desiring to be 
tested. 

2. In the field of professional training, 
steps were taken to establish a 
7-point program directed toward 
extension of educational processes 
into the period following gradua- 
tion. The plan envisages an 
organized program for continuing 
engineering education into and 
through the years of active em- 
ployment. 

3. With regard to professional recogni- 
tion the Council adopted uniform 
nomenclature for designating the 
several grades of membership in 
constituent societies and estab- 
lished minimum standards for 
admission to the respective 
grades. 


Copies of the report can be obtained 
from ECPD, 29 West 39th St., New York, 


N. Y. Price per copy is 50 cents. 
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Correlation of Accelerated Weathering Machines 
By Roy W. Hill’ George $. Cook,’ and William E. Moyer’ 


SYNOPSIS 


This report covers an investigation conducted at the U. S. Army Engi- 
neer Research and Development Laboratories to correlate the exposure 
results obtained from the Atlas Twin Arc Weatherometer with those ob- 
tained from the National Carbon X1A Accelerated Weathering Machine. 
In the course of this investigation, several possible bases of correlation were 
examined. The one chosen, the amount and type of change of color of paint 
on test panels, the preparation of which was carefully controlled, was proved 
by experiment to provide a reproducible test of the effects of exposure of the 


panel to the operation of the machine. 


The report concludes that the results obtained from accelerated weather- 
ing in the National Carbon X1A and the Atlas Twin Arc Weatherometers 
are correlated if the paint is dip-applied on primed metal panels; the ma- 
chines are both operated in accordance with Federal Specification TT-P-141a, 
modified to control machine temperatures at 155 + 5 F.; and if the Atlas 
Weatherometer is equipped with the 68-12 control cam. 


DEVELOPMENT OF Trst MrrHop 
Objectives: 


Tue Chief of Engineers 
directed that the comparative effects 
of two types of weathering machines of 
different manufacture be determined. 
This would require the use of a testing 
procedure not then in existence. It was 
necessary to determine the variations 
in results caused by the lack of uniform- 
ity in the test panels themselves before 
the variations caused by the machines 
could be determined. 

A preliminary investigation was 
launched, therefore, to develop a 
method of testing, an accelerated weath- 
ering machine and its effects on paint 
panels exposed to its operations. That 
investigation is reported below. The 
criteria developed in this investigation 
were then applied to the primary prob- 
lem posed by the Office, Chief of Engi- 
neers—that of correlating the opera- 
tional effects of the two types of ma- 
chines. 


Previous Work: 


The laboratory tests of paints with 
which this investigation is concerned 
proposed to measure the durability that 
can be expected of paint coatings in 
actual outdoor use. The variables 
affecting this durability include the 
many physical properties of the paint 
coating itself and the innumerable and 
constantly varying conditions of outdoor 
exposure to which the coatings are sub- 
jected. 

Actual field test conditions are, of 
course, beyond the control of the agency 


1 Members of Technical Staff, Engineer Re- 
search and Development Laboratories, Corps of 
Engineers, U. S. Army, Fort Belvoir, Va. 

5 See Lead Co. Research Lab., Brooklyn, 


32  =(TP44) 


‘making the test, and because of their 


unpredictability are impossible to 
duplicate in the laboratory. Too, these 
tests take years to complete, and pro- 
curement of paint by specification cannot 
wait upon their completion. 

The alternative available has been to 
test paints in the laboratory, under 


accelerated, simulated exposure condi- 
tions. Various laboratory machines and 
techniques have been devised which, 
when used in combination with, tend to 
duplicate to a limited extent the actual 
field exposure conditions. These in- 
clude abrasion testers, salt spray ex- 
posure cabinets, humidity cabinets, 
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Fig. 1.—National Carbon X1A Accelerated 


difficulties have been encountered } 
cause no standard procedure has ¢ 


that would duplicate, for example, } 
sequence of conditions found in oute 
exposure. In addition, no complej, 
satisfactory set of standards of outct 
exposure has ever been establishec 

In the case of accelerated weathe: 
machines, the additional difficuldy } 
existed that results obtained from | 
chines of the same manufacture, as , 
as from machines of different design f 
manufacture, have been impossible 
correlate either among themselyes§ 
with outdoor exposure. This hasij 
course, cast serious doubt on their 4, 
fulness. 

Considerable work has been 
by various agencies in an effort 
establish some general basis of corn 
tion between accelerated weathe) 


Hi 


aS 


Weathering Machine. 


and outdoor exposure and to deter/® 
the limitations of the machines. 
results of this work have served to 
out the existence of the limitat 
without, however, defining them. 
(1)* found the machines of val 


— 


’'The boldface numbers in parentheses r 
references at end of this paper. 
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of top coats only. He discovered 
hanges in color, such as fading, 
ning, and chalking, could be corre- 
jreasonably well with outdoor ex- 
, but no predictable relationships 
»be shown between machines and 
‘or exposure in testing such impor- 
aint failures as checking, rusting 
zh, or blistering. Committee D-1 
int, Varnish, Lacquer and Related 
ets of the American Society for 
g Materials under the chairman- 
f H. A. Nelson (2) on the other 
declared after an extensive testing 
m that, in general, the acceler- 
tests predicted reasonably well 
meral results of outdoor exposure. 
3) found that National Carbon 
achines gave a significant degree 
relation with the results obtained 
ual exposure to Florida weather, 
at the Atlas Twin Are Weatherom- 
gave results just under the 
cant level of correlation. Williams 
a study that seemed to limit the 
ness of the other investigations, 
that water supply, duration of 
exposure, Maximum temperature, 
he duration of the maximum tem- 
e tended to influence the results 
ed in either machine. 
2 more general use of the National 
yn machine in the preparation of 
al wartime paint specifications was 
, in general, on Iliff’s work, and the 
hat at least with Florida weather a 
significant correlation had been 
1. With the cessation of hostili- 
here came into existence a growing 
m that these specifications could, 
robably should, be written on the 
of using either the National or the 
‘machine, if results from the two 
be properly correlated, or if it 
be shown by sufficiently compre- 
ve tests that there is no essential 
nce in the results obtained with 
machines. 
the assignment of the problem for 
on, it developed that the Engineer 
rch and Development Laboratories 
me of the few installations that 
10dels of both machines. ERDL 
ment included three National 
nes and two Atlas, so that any 
mducted at the laboratories could 
nly compare the machines with 
other, but could compare dupli- 
of each machine. Therefore, the 
atories were directed in 1946 by 
hief of Engineers, to investigate 
ossibility of correlating the two 
of machines. 


ment: 


National Carbon X1A_ Accel- 
Weathering Machine (Fig. 1) is of 
yen carbon are type. Corex D 
are used over the arc in operation 
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Fig. 2.—Atlas Twin Arc Weatherometer. 


Fig. 3.—Atlas Control Cams. 


so that the light transmitted is similar 
to sunlight. In this machine, test 
panels are subjected to continuous ex- 
posure to this light and receive 18 min. of 
water spray once in each 2-hr. rotation. 
Carbons are replaced after each 10 hr. of 
operation of the machine. There are 
two circular racks, one above the other, 
which rotate once in each 2 hr. of 
machine operation. Three of these 
machines were tested. 


The Atlas Twin Are Weatherometer 
(Fig. 2) is of the closed carbon are type 
and subjects the test panels intermit- 
tently to water spray and continuously 
to a light similar to sunlight. The cir- 
cular rack rotates once in each minute of 
machine operation. Are operation is 
continuous, and the water-light rela- 
tionship is adjustable by a changeable 
cycling cam (Fig. 3). Two of these 
machines were used in the correlation. 
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Investigation: 


In developing a method for solving 
the problem posed by OCE, the previous 
work, outlined above, was thoroughly 
evaluated by ERDL. It was obvious 
at once that in order to test the ma- 
chines, rather than the samples exposed 
in them, it would be necessary first to 
decide on the most useful basis for a 
correlation, and then to eliminate, in so 
far as possible, the other variables in the 
tests. 

The primary paint interest of the 
Corps of Engineers centers on camou- 
flage coatings. These are usually of a 
temporary nature, with color and color 
permanence of primary importance, 
and the mechanical protection offered 
by the coating, secondary. Previous 
work had shown that it is in the field of 
color change that accelerated weathering 
machines tend to give results most easily 
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related to those of outdoor exposure. 
It was therefore decided to establish a 
method for correlating the two machines 
on the basis of change of color under 
exposure in each of them. 

For the purposes of this correlation, 
effects of the accelerated weathering 
machines were restricted to the evalua- 
tion of changes of color on the test 
panels, in terms of relative brightness, 
dominant wave length, and percentage 
of purity. Relative brightness is that 
attribute which distinguishes between 
light and dark samples of the same color, 
the lighter sample having the higher 
relative brightness. The dominant wave 
length is the attribute that distinguishes 
one color from another in terms of its 
common name, that is, red from yellow. 
Percentage of purity indicates the 
freedom of a color from admixture with 
other colors. 

Factors involved in the testing of 
color changes due to weathering were 
determined to be of the following nature: 


1. Color.—Any satisfactory test method 
developed must be equally applicable to 
all colors. 

2. The Type of Paint.—The paint 
tested must, to provide useful answers, be 
of a type in use by the Corps of Engineers, 
and must be available in a wide variety 
of colors. 

8. Method of Application—Paint may 
be applied by the dip, brush, or spray 
methods. The problem of the investiga- 
tors was to determine which method of ap- 
plicftion would introduce the smallest 
number of variables, and would therefore 
be most easily susceptible of reproduction 
and experimental control. While the 
paint selected for test was designed for 
brush application on wood surfaces in the 
field, it was felt that any deviation from 
such a method of application would be 
valid, provided it afforded a better labora- 
tory control, and provided it did not 
materially alter the effects obtained by 
brush application. 

4. Type of Test Panel.—This involved 
essentially the same problem posed by the 
method of application. The investigators 
were concerned primarily with control of 
the reproducibility of the test panels. 
Variation in grain, cut, and color of wood 
made the selection of sufficient duplicate 
panels difficult. Variations in application 
and penetration of primer made reproduci- 
bility even more difficult. Steel panels, dip 
coated with an efficient metal primer, re- 
mained as the only inexpensive alterna- 
tive for furnishing a reproducible and 
satisfactory surface for painting. Since 
the investigation was to be restricted to 
the correlation of the weathering machines 
for color change only, the lack of film fail- 
ures specific to painted wood was con- 
sidered unimportant. However, to make 
sure that all possible relevant factors were 
considered, it was decided to include panels 
of both steel and wood. 

5. Rest Periods During the Test.—This 
factor was introduced for consideration as 
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TABLE I.—OPERATING CONDITIONS OF NATIONAL X1A MACHINES. 
Type of current—230 v., 60 cycle, single-phase, a.c. 


Standard | Machine 1 | Machine 2} Machin 
IAVETALOLVOLbA SETA URALC) erate ete ns sonteanea cree) vaey aks chara 50 50 50 
SAVETA SOKA IUD ELESieS tier ae cla iaragnuil aie eee ecilonaceias eatens 60 60 60 
Distance from arc to panels, cm.................4- 45 45 45 
Ty pelofvglass EnclosimegalG sso. eee ete oi ceets ole aye cise Corex D Corex D Corex D Cor 
Average total burning time of carbons, hr.......... 10 10 10 
IWatemsprayapressure nm pSlema s Ye nici.) <noctote elie stearielcy eke 25 to 40 30 30 
Interval between successive wettings, Min........... 2 101 92 1 
Duration of each wetting, min. and sec............. 18 12:20 18:25 11 


TABLE II.—OPERATING CONDITIONS OF ATLAS TWIN ARC WEATHEROMETERS 
Type of current—208 to 245 v., 60 cycles, a.c. 


Standard Machine 1 Machine 
AVeVa, ge, AM PELesnwe ere sc teeth 6 ale. Se. wlerevaasvene wie 30 to 34 32 32 
Average vol tagerat: anc zoinc renin cr stein <ejte feats 125 to 145 130 130 
Dye On glassiencloslue arcu us smn a sciawis amare Pyrex Pyrex Pyrex 
Average burning time of carbons, hr............ 24 24 2 
Waterispray, pressures Dslsenaate cs oh wean vice 25 to 40 30 30 
Interval between successive wettings, min....... 16 to 17 16 to 17 16 to 17 
Duration of each wetting, min................. 3 to 4 3 to 4 3 to4 


a variable because the results of some of the 
previous investigations indicated that it 
might tend to influence results obtained. 
No special tests were made for this factor 
although general observations were re- 
corded. 


Procedure: 


The paint selected for testing was a 
standard coating, conforming to Corps 
of Engineers Specification for T-1215, 
“Paint, Camouflage, Oil Type,” in all 
17 of its colors. This is a standard 
linseed oil paint. Test panels were 
chosen from selected red cedar and cold- 
rolled steel. The red cedar panels were 
primed with red iron oxide, and the 
metal panels with zinc chromate primer. 
After priming, the panels were aged two 
weeks at room temperature before the 
application of the top coating. Then 
separate sets of both types of panels were 
painted by dip, brush, and spray meth- 
ods, and an additional two weeks of 
aging at constant temperature and 
humidity was allowed. Each panel was 
measured in a spectrophotometer, the 
results being recorded on standard 
curve sheets. These curves supplied 
the data for the computation of domi- 
nant wave length, percentage of relative 
brightness, and percentage of purity for 
each panel. 

The five machines to be used in the 
investigation were examined for con- 
formance to Federal Specification TT- 
P-14la. This comparison is given for 
the National Machines in Table I and 
that for the Atlas in Table II. The 
filtered water used in the machines con- 
tained 74 ppm. of dissolved solids: 
32.5 ppm. calcium, 2.3 ppm. magnesium, 
27.3 ppm. sulfate (SO,), and a trace of 
iron. 

Eight colors were exposed in the 
machines, using both wood and metal 
panels, prepared by all three methods. 
Complete sets were not used in all cases, 
because of the space limitations of the 
machines. After total exposures of 
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each panel for 300 hr. spectropha 
metric curves were again taken. 

During the whole test run, perio 
temperature readings of each macl 
were recorded from black panel tht 
mometers, considerable variations be) 
noted. The machines were then 
justed to operate at 155 + 5 F. whi) 
represented the low operating limits! 
the National Carbon machines. ~ 

After the adjustment, a second sew 
panels, in four camouflage colors, ' 
placed in each machine and exposed | 
hr. Pre- and post - exposure spec} 
photometric curves were obtained 7 
these panels. 


‘Results: 


All the spectrophotometric curves? 
original and exposed panels were t} 
converted into their respective domir 
wave length, percentage of relay 
brightness, and percentage of pul 
The changes in these three numen 
values for color, that were induce@ 
weathering, are the basic data on wl 
results of these tests were evaluated J 
compared. A complete listing of # 
before and after weathering values¥ 
the three color factors is given in TF 
TEI: 


Analysis: 


The amount of percentage changig 
dominant wave length, relative brill 
ness, and purity was set down in T} 
IV. It was now necessary to study} 
interpret these data to determine » 
much each variable in the testing 
cedure had affected the results in o 
to determine the effects of the mack 
themselves. 

Effect of Color—The effect of | 
use of different colors was investig/# 
first to determine whether the color 
showed the least change i in one macy 
would show the least in all mach! 
irrespective of the surface on whid’ 
was applied or the method of applica/ 
The data of Table IV were subjecté 
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TABLE IV.—COLOR CHANGE DUE TO 300 HR. ACCELERATED WEATHERING, PER CENT (Continued on p. 39) 


Metal 
Dip Brush Spray 
Colors A 
National Atlas National Atlas National Atlas 
No.1 | No.2 | No.3 | No.1 | No.2 | No.1 | No.2 | No.3 | No.1 | No.2 | No.1 | No.2 | No.3 | Nod 
Dominant Wave Lencts, AD 
Olivetdrab vena. sya erncye = — 1.20 |} — 0.62 | — 0.62 0.70 0.70 FOC 1 7. |e 02720) eek O3, 0.70 -}|-— 0.34 ne — 0.17 | — 0.52 | — 0.52 
Light:green. 25.406): 1.44 1.76 1.46 1.66 0.35 0.26 1.06 0.78 0.18 0.65 1.41 0.37 1.46 1.46 
Desert sand... 6.00.0 — 0.30 | — 0.50 | — 0.16 | — 0.50 De7. |e — 4290 0 0 0 — O27, 0 0 ee 0 fit L/ 0.34 
Green yacd ee eae 0.55 1.50 1.81 0.16 1.60 1.0 1.8 2.4 1.4 0.6 3.0 3.0 3.0 2.0 
Dark green’ ..5icc. Aaryes 0.02 |) —* 03,60 0.93 0.55 1.19 1.0 heal 20 0.9 0.3 0.3 0.4 0.7 10) 
RELATIVE BRIGHTNESS, PER CENT 
Olive drab.... 30.4 21.9 PANY 36.6 18.4 29.6 29.9 27.6 39.3 24.8 31.6 23.4 26.3 35.4 
Light green... ers PA aye 6.3 6.8 6.9 6.7 7.0 9.4 3.6 133 —— On) 8.8 6.9 10.8 = 6.6 
Desert sand’ vec. 3 o 0.4 2.8 2.5 OFSS alas 2,6 9.5 70) 5.6 6.6 =e 15) 6.4 6.4 0.7 
Greens = fed sepsis oe 21.3 24.3 29.6 2.8 atl a 16.8 21.5 27.3 6.0 4.5 25.2 22.8 60.0 7.6 
IDEN) hs 62) 3 erie epee 62.5 54.2 48.0 34.2 30.0 28.4 32.6 33.4 23.0 Ge 13.6 26.0 28.7 26.0 
PoriTy, PER CENT 
Oliverdrabnte ic tanker 0 — 6.4 0 44.5 —= (2.8 — 6.3 Viet == Oat 34.5 21.4 ae 9.0 6.6 18.6 
AGH PYCON ee oie cissy cc oe 4.3 1.9 = (UE) 9.0 2.9 — 6.8 i} —1005 10.4 — aa! = 6.3 — 6.0 — O26 10.2 
Desert'sand 7. .gseeas — 6 ere —19.4 — 6.3 13.9 —36.1 —24.0 2 Wey as bas) = }.5) —2475 —24-6 —24.9 Tig A 
Greene tine stein secre 2660 —25.0 — 26.6 —17.8 eS —20).0 —20.0 —23.0 —23.0 —A EO —18)0 1 80. —18.0 — 2230) 
Dark green..... erates — 4.2010) 29.4 11.6 8.3 15.3 16.0 26.4 39-.3 4.5 ch AY/ 10.0 11.6 14.0 24.0 


an analysis of rank, in which the color 
with the smallest change was given a 
value of 1 and the next larger change a 
value of 2. This analysis of rank is 
shown as Table V. The average rank 
for each color for the five machines was 
obtained. If the rank of a color in a 
machine did not differ from the average 
by more than one number, that machine 
treated the color equal to an average 
machine, and this was considered as a 
correlation. The total of such correla- 
tions and the percentage of correlation 
of all colors in all machines was calcu- 
lated, and is shown in Table VI for 
each color factor, method of preparation, 
and type of panel. This table shows 
that the colors exposed in the five ma- 
chines have the same general relationship 
to each other after exposure in 87 to 93 
per cent of the cases. This means that 
the color changing the least in one ma- 
chine changed the least in all machines, 


and that the color changing the most in 
one machine changed the most in all 
machines, regardless of the method of 
preparation or type of panel used. In 
addition, although no two machines 
gave identical exposure results in this 
portion of the investigation, the expo- 
sure results for each machine were con- 
sistent for that machine, in that the 
machine gave either a more or a less 
severe exposure on all colors tested in 
that machine. Therefore, if the five 
machines could be adjusted so that the 
exposure results for one color would be 
equal in all machines, the exposure re- 
sults for any other color would be equal 
in all machines. 

Method of Application.—The desired 
method of application is one which will 
least affect the exposure results. It was 
necessary to determine the variation of 
results caused by each method of appli- 
cation. The percentage of average 


TABLE V.—ANALYSIS BY RANK. 


deviation between the results of tf 
five panels of each color was determin 
for each method of application. Tf 
results obtained from each color wi 
totaled and averaged so that a compos} 
percentage of deviation was availals 
for each method of application and ee 


type of panel. This is shown in Ta} 


VIL: 


For convenience, the composite avi 
age percentage of deviation is shown’ 
This comparison shag 
that the spray method of applicati 
gives the best reproducibility on * 
unweathered wood and metal pand 
whereas the dip application gives 
After exposure in the weatht 
ing machines, however, the dip meth 
of application shows the least inere 
in deviation between the before sf 
This means that the 
method of application furnished pa 
that measured the effects of weathe 


Table VIII. 


poorest. 


after results. 


Metal 
Dip Brush Spray 
Colors 
National Atlas Avg. National Atlas Avg. National Atlas 
= — 
No.1| No.2 | No.3 | No.1 | No.2| Rank | No.1 | No.2 | No.3 | No.1 | No.2] Rank | No.1 | No.2 | No.3 | No.1 | No. 2 
Dominant Wave Lenots, AD 
OUVO drab. nicer» wareaiste.s 4 3 2 4 2 3 ak 2 3 3 3 2 Go 2 3 2 2 
ight preenve vcs, vicleevaenss 5 5 4 5 it 5 2 3 2 2 5 3 3 3 2 4 6 
Desert sand.............. 2 1.6 1 2 5 stale) 5 1 1 1 a 1 al 1 1 1 1 
Greene rere terete ecrnes 3 4 5 dj 4° 4 3.5 5 5 5 4 5 4 5 6 (3) 4 
Dark Rreeh ssa cin osc. 0 te ah Ws) 3 3 3 1.6 3.5 4 4 4 2 4 2 4 4 3 3 
Conformity, per cent...... 84 oe bo a olf oo 84 a6 Efe Oo Re 95 a on 
RELATIVE BRIGHTNESS, PER CENT 
Oliverdrabieasvaccccaenito od 4 3 3 5 4 4 6 4 4 io) ie) 5 5 4 
1 3 
ight, greens n. vesiee ctusc 3 2 2 3 2 2 ib 2 il 3 3 2 2 2 2 : 3 
WESEKE SANG. os st ier nels 1 i 1 1 3 1 2 1 2 ul 1 1 1 1 1 1 2 
Green) hon tianicinerte anc ue 2 4 4 2 1 3 3 3 3 2 2 3 4 3 5: 3 af 
Darkigreenic)/s. awn wee cake 6 5 5 4 5 6 4 5 5 4 4 4 3 5 4 4 5 
Conformity, per cent..... 92 ak a Ss of re 100 oe At 0 Re a8 92 
PorItTy, PER CENT 
CMIP VOTED. Feces see a ri 1 2 uy 5 1 ites) 1.5 2 il 5 6 
1 ; ; 2 oe 3 
PAQUESTEeN .. id ies ve 2 1 2 3 2 1.6 1.5 1 2 2 21 1 1 1 : : 3 
DGser Oi Sandinercnntrer aeons hos 3 4 4 1 4 3 5 4 3 3 3 4 4 5 6 2 3 
YEON artes tigen in, hace 5 3 5 4 3 5 4 3 4 4 4 5 3 4 4 4 4 
UDarES@TEON ayyne Sere alsa 4 5 3 2 5 4 3 5 5 il 2 3 2 2 3 5 
Conformity, per cent...... 84 iis 435 ins aa i 76 3 nes as 3 88 : 
( ) ASTM BULLETIN February 19 


TABLE IV.—AMOUNT OF CHANGE IN COLOR DUE TO 300 HR. ACCELERATED WEATHERING (Concluded). 


esulting from weathering are less 
d by this method of application. 
e of Panel.—In Table VIII the 
ions resulting from the effects of 
achine on the type of panel are 
t. Although the unweathered 
panels showed less variation for 
thods of application than did the 
panels, after weathering, the wood 
showed greater variation for all 
s of application. This increase 
ation after weathering shows that 
ood panels contribute to a sub- 
al degree to the difficulty of ob- 
g reproducible results in weather- 
chines. It was evident that the 
wood panels would be unsatis- 
y. 
jle VI shows that after exposure, 
lationship of colors to each other 
qual on wood and metal panels. 
ype of panel, therefore, had not 
d the relationship of one color to 


results obtained using metal panels 
would be as valid as those obtained 
using wood panels, and would have the 
additional advantage of supplying more 
reliable results. In other words, the 
change in color would be caused by the 
machine and not by the type of panel. 
Rest Period.—The factor of “rest 
periods”? had received a cursory study 
in this investigation to determine 
whether exposure for 8 hr. a day or 20 
hr. a day altered the results. This 
item is of importance because of the 
different operating procedures of dif- 
ferent laboratories. In addition, the 
days on which the exposures were 
started were also noted to determine 
the relationship of the week-end rest 
period and its possible effects. The 
information obtained in regard to rest 
periods was not sufficiently comprehen- 
sive to determine definitely what the 
effects were. In general, however, on 


TABLE V.—ANALYSIS BY RANK (Continued). 


Wood 
Dip Brush Spray 
National Atlas National Atlas National Atlas ae 
No.1 | No.2 No.1 | No.2 | No.3 | No.1 | No.2 | No.1 | No.2 | No.3 | No.1 | No.2 
Dominant Wave Lenots, AD 
1.40 0.88 | — 1.20 | — 1.20 | — 1.00 An 0 — 0.17 | — 3.08 | — 2.95 0.34 0 Olive drab 
0.44 0.37 OF33 0.21 0.35 0.49 0.33 0.17 0.22 0.26 OL 0.44 Light green 
— 0150 0:17 | = 0.17 0.17 0.68) | = 0.68 (0) 0,17 0 0 — 4.90 0 Desert sand 
4.8 4.6 ee | 1 2.0 7.0 6.2 1.6 0.7 1.8 4.8 4.8 Green 
2.9 3.0 Ley, Des 2.3 1.6 3.4 1.6 plcks) 1.6 3.4 Byee | Dark green 
RELATIVE BRIGHTNESS, PER CENT 
67.2 23.8 39.2 29.3 39.5 ve 13.0 39.5 35)..5 3255 61.3 19.4 Olive drab 
28.6 Sa OAS 14.7 11.4 6.7 34.3 — 4.4 17.3 1.2 3.7 40.6 = 4.4 Light green 
12.9 =x 76 12.5 Sz8 3.6 21.5 = 455 13:52 b.7 10.9 26 al ——aiab) Desert sand 
61.0 40.4 30.0 30.0 38.0 58.0 53.0 33.0 26.0 45.0 60.0 48.0 Green 
89.0 76.0 59.4 41.8 62.0 81.0 67.5 50.6 45.9 53.4 72.6 61.6 Dark green 
PouRItTY, PER CENT 
46.2 12.7 0 = 3.3 0 Rs yee 10.5 O58 —13).3 42.8 13.3 Olive drab 
0 3.8 6.1 = 6.4 e— mi one 8.7 —210/.8 1.4 5450) = 08 24.1 Light green 
18.4 14.6 29.4 —2336 — 24.4 26.4 = 1928) —26.3 — ORT, ——2 Oi —41.8 — [3/ Desert sand 
=—12.0 3 3)0 = 2150 = 270) 217.0) 18.0 —10.0 — 23'..0 —20:.0 —— PHO) = kt) —16.0 Green 
66.6 65.6 40.4 23.8 47.0 51.8 93.1 46.4 34.9 48.6 32.3 73.5 Dark green 
accurately, since the changes in another. This fact means that the the basis of the limited data available, 


it appeared that changes in color of the 
test samples were due to the total num- 
ber of hours of actual exposure and 
were not measurably affected by the 
variation in the number of hours of daily 
exposure nor by other interruptions in 
the exposure schedule. 


Summary of Findings: 


On the basis of the data amassed 
and examined, it was found that repro- 
ducible results could be obtained in 
either type of machine used. It was 
established that the same general results 
were obtained whether metal or wood 
panels were used, but that the metal 
panels gave more reproducible results; 
and. furthermore, that when primed 
metal panels were used, a dip application 
of the paint coating resulted in smaller 
variation in results than that caused by 
brush or spray application. 

Finally, it was established that, with 


Wood 
i Brush Spray 
aa Colors 
National Atlas Avg. National Atlas Avg. National Atlas Avg. 
No. 2 | No.3 | No.1 | No, 2 Rank No. 1 | No. 2 | No.3 | No.1 | No. 2 Rank No. 1 | No. 2 | No. 3 | No.1 | No. 2 Rank 
Dominant WavE Lenctn, AD 
1 4 4 3 a3 es 3 2 6 5 2 1.5 3 Olive drab 
F 5 : Z 2 2 2 1 1 3 2 2 2 2 1 3 1 Light green 
3 3 2 1 3 a 1 Os 2 16 1 2 1 1 5 ales) 2 Desert sand 
5 5 6 5 6 3 3 4 4 5 4 4.5 3 4 4 6 6 Green 
4 4 4 4 5 5 5 4} 4 5 4.6 4 3 3 4 4 Dark green 
f 92 a; oa Bic oe ore 80 Ae ae an a: ae Conformity, per cent 
RELATIVE BRIGHTNESS, PER CENT 
4 3 4 te 3 4 4 4 3 4 3 4 Olive drab 
s i s 6 5 2 2 2 2 1 2 2 1 A 2 2 2 Light green 
4 ; 1 le 1 1 1 1 1 2 1 1 2 2 1 1 1 Desert sand 
a : 3 A. 3 3 le 3 3 4 3 3 3 4 3 4 3 Green 
el 7 5 5 5 5 (3) 4 5 5 5 5 5 5 5 5 Dark green 
° : 8 100 3 ie a Fc ae 100 SON Pot Be oe ae Conformity, per cent 
PORITY, PER CENT 
1 if a 3 1 1 2 2 5 3 P) Olive drab 
i : cs A ; ; 2 2 1 2; 2 2 1 1 Au 4 1 Light green 
: : ; ; 5 4 3.5 3 3 au 3 4 4 4 4 1 4 Desert sand 
: 3% 2 4 3 5 4 2 4 4 3 3 3 2 2 3 Green 
ae i z 3 5 3.6 5 4 5 5 5 5 5 3 5 5 Dark green 
A 3 ° : 84 2. a ae ne 88 a ae Be nt . Conformity, per cent 
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TABLE VI.—PERCENTAGE OF CORRELATION OF COLOR. 


Relative , 
Dominant Brightness, Purity, Average 
Method of Wave Length, AD per cent per cent 
Application 
Metal | Wood Metal Wood Metal | Wood | Metal | Wood 
Panels | Panels Panels Panels Panels | Panels | Panels Panels 
ON aaneeees maaan oso Oo 84 88 92 100 84 80 87 89 
Bruch Licance aos 84 92 100 100 76 84 87 92 
SDPLAVen enter IS 95 80 92 100 88 88 92 ; 89 


weathering conditions equal in differ- 
ent machines, for any color the changes 
would be the same in different machines. 


CORRELATION OF THE Two TYPES OF 
WEATHERING MACHINES 


Procedure: 


Since there was no machine available 


Metal panels, measuring 3 by 5 in., 
were primed with a zinc chromate primer 
and were allowed to age under normal 


room conditions. They were then dipped: 


in light green paint, specification 
T-1215, dried under normal room tem- 
perature, and allowed to age for two 
weeks. Spectrophotometric curves were 
prepared for each panel prior to exposure 


in the weathering machine. The N 


tional machines were then operated | 
their normal cycle for 300 hr., at t 
expiration of which time spectropho 


metric curves were again made for eg 


of the panels exposed. 


Four separate tests of 300 hr. ea 


| 


were run on the Atlas machines, ea 
with a different cycling cam installd 
Cams used were the 17-3, 51-9, 102. 
and 68-12. Choice of cams to be test 
was restricted to those which would gi 


approximately the same water to lig 
ratio as does the standard cycle of 


National machines. 


In all tests, the machines were h 
to a temperature of 155 + 5 F. 
measured by black panel thermomete 


oe oe 


TABLE VII.—PANEL REPRODUCIBILITY BY METHOD OF APPLICATION AND TYPE OF PANEL. j 
i 
Before Weathering After Weathering ! 
Colors Metal Wood Metal Wood F 
Dip | Brush | Spray Dip Brush Spray Dip Brush Spray Dip Brush Spra 
DoMINANT WAVE LENGTH, AD 
Darks rreenme rs tiptts tlehs cNetes soho che 0.36 0.01 0.42 0.17 0.39 0.28 0.25 0.39 0.42 0.79 0.73 0.6), 
Desert/sandi..a:h.ctee. caspase w ava mance 0.17 1.57 0.16 0.11 0.05 0.32 0.12 0.08 0.37 0.31 16 
Wapht greenies, prettier coteclere 0.68 0.28 0.35 0.24 0.06 0.07 0.43 0.35 0.49 0.49 0.90 ‘0.8 
Grea bys civeraigatey beset AS op HeLa « 0.22 0.17 0.13 0.03 0.10 0.01 0.39 0.54 0.73 1.28 2.18 1.6 
Qlivetdrabsrans cia: ceed Shae 0.42 0.54 0.25 0.45 0.06 Ov55 0.41 0.28 0.39 0.24 0.72 Mp 
Average deviation for all colors, 
DERICEN Ge peters sleis, Satiape die ne ox 0.370 0.514 0.262 0.20 0.13 0.18 0.360 0.336 0.422 0.63 0.97 ya 
RELATIVE BRIGHTNESS, PER CENT 
WD a rks STOO jcc wveverevous she ol che Gein Cuevaretere 2.20 0.81 0.27 0.81 0 OF27% 6.48 6.11 3.56 4.21 5.85 5.4 
Denert sand tteannccstaiiers eiecsvecstecee 0.59 0.49 0.64 6.44 0.55 0.50 4.95 2.52 3.09 4.65 6.39 6.70 
Deh tiereen see cvevonie Cale ce Scie Here ool 15 0.50 0.51 0.13 2.58 0.51 0.13 2.58 7.85 8.53 9.7) 
Gene Vee orice ans Qorcie aees cae 0.59 1.05 0.45 0 0.61 0.61 10.00 6.36 12.70 4.6 7.13 6.24 
Oliwexdratlose tsetse tes pe sete sete 1.26 1.65 0.81 2.78 1333 On75 3.92 855785) 3.24. 6.02 0.68 5.65 
Average deviation for all colors, 
pericent..iao. ce emmes stiles sche = 1.590 1.102 0.5384 | 2.11 0)..52 0.94 3.972 3.594 5.034 47 5.72 6.7% 
PURITY, PER CENT 
Darkegreen:. Garaeaste cheikh eee 12.21 3.46 9.15 2.62 6:72 4.50 5.60 12.95 10.00 1.81 17.00 18, 8e 
IDESORY BEING, Sonconogeoneaesgoo sen Lae 6.62 0.58 6.71 0.35 0.47 6.22 5.69 6.41 7.68 16.58 10.4 
Vightigreentt.w oe wate a eee 2.75 2.35 2.17 1732 2.24 2.48 4.22 2.94 6.00 4.13 3.18 2.9% 
Green Rites oy se retiayaregay se cette overnite wits = 3.71 1.58 1.15 4.57 1.97 0.72 3.12 2.00 2.13 15.40 14.30 nae 
Oliveidrabieccre soar ene 7.76 4.40 3.08 2.06 2752 2.19 14.80 11.20 eh ai 8.44 0.94 13.6 
Average deviation for all colors, | 
DOT COMMU yaaa ne Ghecen tae cent a euedsag ss 5.636 3.682 3.226 3.456 2.760 2.072 6.792 6.956 5.818 7.492 | 10.400 2.08 
Average deviation for all colors and | | | | 
three color functions, per cent....| 2.53 | 1.77 ooke |e wiley 1.14 1.06 3.71 3.63 3.76 4.53 5.69 5.48 


for use as a standard against which all 
the other machines could have been 
compared, this possibility as a test 
method was discarded. The alterna- 
tive chosen involved the exposure of 
identical paint samples in all machines 
tested, for identical periods of total 
time. The change in color as a result 
of the exposure in the machines was 
calculated as delta H, and the delta 
H’s obtained in each machine on each 
panel were compared. The statistical 
comparison was compiled by using an 
analysis of variance (see Appendix). 
TABLE VIII.—COMPOSITE AVERAGE 


PER CENT DEVIATION IN COLOR DUE TO 
PANEL AND METHOD OF APPLICATION, 


Method of Application 
Type of Panel 


Dip Brush Spray 

BrrorRE WEATHERING ; 
Naiaiv eth 2053 abr leeds 
IWiood s,craitakienme 1.92 1.14 1.06 

AFTER WEATHERING ‘ 
Neetals...comnpaeen 3.71 | 3.683 | 3.76 
WiOod iia 2c betes 4.53 5.69 5.71 
40 = (TP52) 
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Fig. 4.—Comparison of Delta E Values of National and Atlas Machines. 
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TABLE IX.—BEFORE 


AND AFTER WEATHERING FACTORS—LIGHT GREEN. 


Original 300 Hr 
Weathering Machine i AE, Change 
Specimen n Relative Relative in Color, 
XD Brightness, Purity, D4 Brightness, Purity, per cent 
per cent per cent per cent per cent 
tional No. 1 rece 17.83 36.0 569.0 18.23 33.5 By t 
67.0 17.98 35.0 568.8 18.06 34.0 3.34 
567.0 17.93 35.0 569.3 18.21 34.0 3.79 
567.0 17.87 35.0 568.8 18,23 34.0 3.39 
567.0 18.02 33.8 569.0 18.18 33.9 3.41 
(Avg.) 3.41 
ational No. 2 
} a Rene ie, ere eeaeie 17.90 34.0 569.5 19.12 32.8 4.59 
He COREG re 18.02 33.9 569.1 18.79 33.4 3.69 
en 567.0 17.96 34.2 569.5 18.82 33.7 4,12 
AS Pete neg 566.9 17.84 34.6 569.5 18.82 34.0 4.44 
teense 566.2 17.92 34.2 569.1 19.13 32.5 5.06 
J (Avg.) 4.38 
jational No. ra 
0.3 Ae 366'9 17.84 34.5 570.0 18.86 35.9 5.23 
eos .0 17.90 33.8 570.0 18.41 36.7 4.74 
By oh 567.3 17.86 35.3 570.0 18.49 36.3 4.04 
ee craen 567.3 17.58 34.5 569.7 18.55 35.0 4.47 
SEE AG. % 567.2 17.58 35.0 570.0 19.02 36.0 4.75 
(Avg.) 4.85 
cok = 
17-3 cam is sete suas re 17.96 Bo. 567.7 17.09 35.1 1.36 
reo % 5 18.23 34.8 568.0 17.20 35.0 1.98 
in Sgt woe are 567.1 792, 35.0 568.0 L722 35.0 1.72 
BIDS css 567.1 17.93 35.0 567.8 Ol: 35.2 1.44 
AH ek 567.1 17.84 35.0 568.0 16.77 36.0 (A 1.96 
vg.) 1.69 
. 2—17-3 cam 567.2 18.06 34.8 570.5 17.97 38.5 4.24 
567.2 18.02 34.8 571.2 Tiedt 38.7 2.95 
567.2 18.08 35.5 570.4 48,27 38.7 2.64 
567.0 17.87 35.1 570.0 17.94 37.9 4.81 
567.3 17.99 35.5 570.1 17.96 38.5 (A ) 3°80 
vg.) 3.80 
- 1—51-9 cam GA «5 ok 566.9 17.91 34.5 568.3 16.41 37.3 2.85 
GB isos . 567.0 17.91 34.2 568.3 16.52 37.3 2.63 
i Cae a 566.9 17.91 34.5 568.2 16.51 36.8 2.67 
= 6D Sis cave 567.0 18.00 35.0 568.3 16.80 36.6 2.32 
6h ae 567.5 17.99 36.0 568.1 16.56 36.2 (A yaie8 
ve.) 2.53 
Jas No, 2—51-9 cam Cs Settee 567.0 18.00 34.6 569.0 19.14 35.0 3.73 
MB) Peeteras 567.6 17.72 34.5 569.2 19.40 34.2 3.10 
AG: PA 567.3 18.07 34.6 569.5 19.84 34.1 4.24 
MADER. aces 567.3 17.91 35.2 569.3 19.62 34.4 4.28 
7E.. 567.1 17.86 35.0 569.1 19.01 34.1 (A 3°76 
vg.) 3.76 
las No. 1—102-18 cam 8A.. 567.0 17.95 34.4 568.0 17.27 40.5 3.13 
: 8B.. 567.2 17.82 34.7 570.6 16.66 50.2 7.86 
: SC Pi oe wis 567.2 17.86 34.6 570.4 16.68 49.8 7.87 
SDs ccc 567.1 17.90 35.0 569.6 17.18 47.8 8.22 
SEs cae 567.1 17.80 35.0 570.2 16.93 48.9 (A hie 
vg.) 6.9 
tlas No. 2—102-18 cam QUAY ereaieuer 566.9 17.96 34.5 568. 2 17.02 45.5 §.52 
OB ero. 566.9 18.00 34.5 571.4 18.84 49.6 8.40 
LORnaca 567.0 18.02 34.2 569.2 18.60 44.6 Ueiks 
SB ) a ae 567.3 17.88 34.5 570.0 18.55 44.6 7.35 
OB enatext 567.2 17.73 34.7 570.2 18.02 44.9 (A yea 
ve.) 7. 
tlas No. 1—68-12 cam 567.0 18.04 34.0 570 bc de 4 33.2 4.36 
567.0 18.04 34.0 570 18.77 33.2: 4.36 
567.0 18.04 34.0 570 18.37 34.2 4.99 
567.0 18.04 34.0 570 18.77 33.2 4.36 
567.0 18.04 34.0 570 18.38 33.2 Gee) mee 
ve.) 4. 
las No. 2—68-12 cam DA cele tes 567.0 18.04 34.0 570 18.30 3o.2 4.84 
PLB nine 567.0 18.04 34.0 570 18.38 33.2 4.70 
DT Conse 567.0 18.04 34.0 570 18.38 33.2 4.62 
if Oe tee Wa 567.0 18.04 34.0 570 18.38 33.2 4.62 
(OW Si eee 567.0 18.04 34.0 570 18.00 34.2 (A yaies 
ve.) 4. 


minant wave length. 


BLE X.—REPRODUCIBILITY OF COLOR AFTER EXPOSURE WITH 68-12 CAM. 
National Atlas 
No. 2 No. 3 No. 1 No. 2 
569.5 570.0 570.0 570.0 
569.1 570.0 570.0 570.0 
ant wave length, AD....... 569.5 570.0 570.0 570.0 
569.5 519.7 570.0 570.0 
569.5 570.0 570.0 570.0 
Beret sicis. 6 ote nioie cievale octee bee 6 569.4 569.9 570.0 570.0 
lone 18.86 18.7 18.30 
18.79 18.44 Rar iG 18.38 
e brightness, per cent....... 18.82 18.49 18.37 18.38 
18.82 18.55 18.77 18.38 
19.13 19.02 18.38 18.00 
EM Sec) SCs vckcs Eye wf gcafa'e say's 18.94 18.67 18.61 18.29 
32.8 35.9 33.2 33.2 
33.4 36.7 33.2 33.2 
BETECO DG tacinys sc0)Fs-ste ois. aserst 33.7 36.3 34.2 33.2 
34.0 35.5 33.2 34.2 
32.5 36.0 33.2 33.2 
ORR SSA ee cee eae 33.3 36.1 33.4 33.4 
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in accordance with the tested practice de- 
veloped in the preliminary investigation. 


Results: 


A complete listing of the before and 
after weathering values for the three 
color factors (5) and the delta H values 
(6) is given in Table IX. 

An analysis of variance’ was applied, 
with the dimensionless F value deter- 
mined for each machine. The F value 
represents the ratio of deviation caused 
by the factor in question to the deviation 
caused by the error inherent in the test- 
ing method. The F values were calcu- 


lated as follows: 
4 See brief discussion of method in Appendix. 
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F Values per cent 
Level of 
Signifi- 
Cams Used | 17-3 |51-9|102-18| 68-12) cance 
Among Na- 
tionals.... CAN? ARG eel GOle Sia L 
Between 
Atlas..... SCA OL econ) Loe 7.06) 5.8 


National ver- 
sus Atlas.| 39.0 | 35 | 39.2 9.54, 8.1 


It was noted that the F value for each 
of the cams tested for each of the three 
conditions was greater than the 5 per 
cent level value, and there was, there- 
fore, a significant difference between 
machines. In other words, the results 
obtained in any one of the machines did 
not necessarily compare with that of 
any other machine, irrespective of 
manufacture. 

An inspection of the results showed 
that, with the 68-12 cam, the two Atlas 
machines furnished results very close to 
those of two of the National machines. 
Since the National machine that was 
lower in the amount of change proved to 
have an operating temperature 20 F. be- 
low that of the other four machines, the 
erroneous results were caused by different 
operating conditions and were therefore 
discarded from this computation. 

The F test values after the analysis of 
variance of the four machines, with the 
68-12 cam in the Atlas, showed: 


5 per cent 
F Level of 
Values Signifi- 
cance 
Between Nationals...... 1.33 8.53 
Between Atlas.......... 7.93 8.53 
National versus Atlas... . 6.11 8.53 


That is, there was no significant differ- 
ence among the four machines operating 
in the specified temperature range. 
The delta E results for different ma- 
chines and for each machine have been 
established as equivalent. It should be 
remembered, however, that delta H 
indicates only the magnitude, not the 
type, of change. Both factors are 
essential to correlation. The factor of 
type of change, that is, the weathered 
values of the three color factors for the 
five panels in each machine is shown in 


AN ANALYSIS OF VARIANCE 


The method used to correlate or attempt 
to show the difference between the two 
types of machines or within these machines 
in their weathering properties is called 
Analysis of Variance. Briefly, the mathe- 
matics concerned are as follows: The 
hypothesis states that the various column 
means, in this case, the average / values 
for the panels in each machine, come from 
identical normal populations with the same 
mean and standard deviation. If this 
hypothesis is true, then the same unknown 
factors which cause variations among the 
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' values for the Nationals. 


Table X. It was noted that differences 
in dominant wave length were so slight 
as to be measured in tenths of microns; 
percentage of relative brightness over- 
lapped completely in all cases; and 
there was but one variation in percent- 
age of purity. Therefore, the type of 
change in color and the amount of 
change in color were equivalent in all 
machines. 


Discussion: 


The results obtained with the 17-3, 
51-9, and 102-18 cams in the Atlas did 
not correlate with the results obtained 
with the National machines. A graph 
was drawn by plotting the delta H 
values for each cam versus the delta EH 
The point of 
intersection indicated the theoretical 
proper cam for duplicating the results 
of the Nationals. Since this 78-14 
cam (a total of 92 min. for one complete 
cycle) did not divide exactly into the 
1440 min. in a 24-hr. period controlled 
by the cam, the nearest cam that would 
give such an exact division was selected. 
This cam is the 68-12, giving 12 continu- 
ous minutes of water operation in every 
80 min. of are operation and providing 
18 such complete cycles per 24-hr. 
period. 

This cam furnished results identical 
with those obtained in the National, 
if the National in which the operating 
temperature was found to be 20 F. 
below the test standard is dropped from 
consideration. It is believed that the 
result from the 68-12 cam does not fall 
exactly on the Atlas performance curve 
shown in Fig. 4 because the curve was 
constructed through too few data points. 

This work shows that a definite rela- 
tion exists between exposure results 
obtained in either machine and the 
length of time which the panels receive 
water. In addition, the operating tem- 
perature is an important factor in regard 
to the severity of the exposure. To ob- 
tain a standard exposure it will be neces- 
sary that these two factors be specified 
in the operating procedure. 


APPENDIX 


machines would also cause variations 
within the machines from panel to panel. 
The standard deviations for these two 
variables would then approximate each 
other. If these standard deviations or 
means or both can be shown to be differ- 
ent, then the hypothesis fails and it must 
be rejected. The tests used in the calcula- 
tions are: the a and 6, tests to show 
normality, the LZ, to show similarity of 
the standard deviations, and F to show 
similarity of means. The a and b; and L, 
tests are applied first, and if the popula- 
tions are normal and have the same stand- 
ard deviations, the F test is applied. If 
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Conclusions: 


in the National Carbon X1la and ' 
Atlas Twin Arc Weatherometers cor 
late under the following conditions; | 


(a) The paint is dip-applied on p: 
metal panels. 
(b) The machines are both operated: 
accordance with Federal Spq 
fication TT-P-14la, modified: 
control machine temperaturese 


Ly) 


155 = 5 E. 

(c) The Atlas Weatherometer | 
equipped with the 68-12 cont 
cam. 
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this fails the means are different or 
other words, the machines weather dit! 
ent amounts. 

The procedure for this determinatio! 
covered in many standard books on ind 
trial statistics such as H. A. Freeman’s|| 
Hach of the various tests is described | 
formulas given’ for their use and apply 
tion. 

There are two important problems i 
use of Analysis of Variance. The fir 
that the sum of the variances due t0/: 
several factors must equal the total \ 
ance or the figures do not mean anyt 
and the calculations are incorrect. 
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for this is simply the fact that the 
lion inherent in the total experiment 
e the sum of the variations of each 
factors studied, plus the variation 
the unallocable factors or the error 
n be called. This is an application 
principle of psychology that the 
must equal the sum of its parts. 
second problem is the choice of 
variables should be studied and how 
eakdown should be made. As an 
le, it was found during this weather- 


ing experiment that not only were ma- 
chines and colors affecting the results but 
the interaction of the two was also an im- 
portant factor. The interaction factor 
should not be lumped in with the error. 
In such a case, replication of panels would 
enable one to determine the interaction 
effect. Also many times it is known that 
one factor in an experiment does not make 
a significant difference and so its small 
variance can be lumped in with the error 


F.. a number of years 
; have been isolated reports of in- 
valve failure. An example of such 
ve burned in service is shown in 
1. During the winter of 1945 and 
_a marked increase in intake valve 
ing was observed in many gasoline- 
red vehicles employed in fleet oper- 
and other heavy-duty service. 

e phenomena seemed to occur at 
t the time when considerable 
a of both stored and catalytically 


: 
: 
. 
: 
; 


1.—Intake Valve Burned in Service. 


‘ed gasoline were being released 
ivilian consumption. It has been 
sed that the release of these gaso- 
may have been responsible for the 
ase in intake valve burning, but 
is not adequate evidence to estab- 
his. The present investigation has 
undertaken to study the conditions 
r which intake valve deposits and 
e valve burning might be antici- 
| and what factors may be involved. 
use the work is incomplete and our 
ledge of the subject very limited 


esented at a Symposium on Exhaust Valve 
ig held at a meeting of Technical Committee 
Lubricating Oils of A.S.T.M. Committee 
mn Petroleum Products and Lubricants, 
ic City, June 28, 1949, 

ellon Institute, Pittsburgh, Pa. 
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term to make it more significant and better 
able to show difference in other factors. 

The ¢ test, which is a specific application 
of the F test, is often used in conjunction 
with it. If the F test shows there is a 
significant difference among several fac- 
tors, these factors can be taken two at a 
time and the ¢ test will show if there is a 
significant difference between them. In 
this way, the offending factors can be 
determined and either corrected or taken 
out of the over-all pictures. 


this paper is largely a progress report of 
the results obtained. 

The studies have developed along the 
following outline: 


A Laboratory Study of Intake Valve Burning 
By Court L. Wolfe? and R. S. Spindt’ 


ture on amount of valve fillet 
deposit. 

4. Effect of engine operating variables 
on intake valve temperature. 


Fig. 2.—Laboratory Engine Used in the Intake Valve Burning Investigation. 


1. Exploratory studies of the condi- 
tions required to make a valve 
burn. 

2. Effect of fuel type on amount and 
character of valve fillet deposit 
and on valve burning. 

3. Effect of air-fuel mixture tempera- 


ASTM BULLETIN 


Equipment and Procedures: 

A two-cylinder 90-deg. V-type engine 
especially designed for research pur- 
poses was employed during this investi- 
gation. A photograph of the installa- 
tion is shown in Fig. 2. The bore and 
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stroke of the unit are respectively 
34 in. and 42 in. An individual car- 
buretor was installed on each cylinder 
in order that the amount and type of 
fuel supplied to each could be controlled 
independently. In addition, heaters 
were applied to each induction system 
to permit control of the incoming air 
and air-fuel mixture temperature. The 
usual engine techniques were employed. 
These included thermocouples for tem- 
perature determination, and control of 
speed, exhaust back pressure, air-fuel 
ratio, and other engine variables. 
Figure 3 shows a schematic diagram of 
the induction system with thermocouples 
at INC LCs, Gs. and IMO Heated 
plugs to simulate the manifold hot spot 
in an automotive engine, shown at 
TC3 directly beneath the carburetor, 
were later removed because they did not 
function to collect a deposit as antici- 
pated. The air temperature was meas- 
ured at 7'C, and the air-fuel mixture 
temperature at the point TC). It is 
realized that temperatures recorded by 
these thermocouples may not be accurate 
in absolute value. However, it is 
believed that the relative temperatures 
measured are accurate and can be relied 
upon as such. The valve thermocouple 
at TC, will be discussed later. 


Primary Studies: 


The initial exploratory studies were 
made to find operating conditions which 
would burn intake valves in the labora- 
tory. In this work no attempt was 
made to restrict the operating condi- 
tions to those found in service because 
the test engine cannot be compared 
directly with commercial engines. It 
was believed, however, that results 
found with this engine could be used as 
a guide to the study of intake valve 
burning under service conditions. These 
initial studies included operating the 
engine at various air and air-fuel mix- 
ture temperatures, while all other engine 
conditions were comparable to those 
found in service. Under these condi- 
tions, typical, although light, valve 
deposits were obtained when using 
several commercial fuels of a type 
thought to be responsible for intake 
valve burning. No evidence of valve 
burning was found in these tests. A 
straight-run distillate was also tested; 
it was found to give relatively little 
deposit and no indication of valve 
burning. 

Further attempts were made to burn 
valves by altering mechanical and oper- 
ating variables. A thermally cracked 
type 1 fuel was used for these prelimi- 
nary-studies, because some intake valves 
were reported to have been burned in 
service when using a gasoline blend 
containing large amounts of this dis- 
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VALVE SEAT INSERT 


FURL aes 


Ad 2 Tr] i 
flees 


ALUMINUM 
HOT PLUG 


TCs CYLINDER ae 


Fig. 3.—Schematic Diagram of Induction 
System Used in the Valve Burning Investi- 
gation. No. 7, 2-Cylinder Test Engine. 


tillate. Several tests were therefore 
made using this fuel and operating 
under moderate engine conditions. No 
valve burning was observed in 70 hr., 
although fairly heavy fillet and face 
deposits were obtained. During the 
course of these experiments, the valve 
timing was varied through a small range 
in order to alter the amount of blow- 
back through the intake valve port. 
It was found that, under this particular 
set of operating conditions, maximum 
fillet deposits were obtained by setting 
the intake valves to open at 12 deg. 
B.T.D.C. (before top dead center). 

Microscopic examination of these 
valves indicated a possible explanation 
for the negative results obtained. It 
was found that, although a heavy face 
deposit existed, it was rather soft or 
plastic in character. A valve overlaid 
with a deposit of this type would not 
burn because the soft deposit, evidently, 
tended to heal over immediately any 
incipient blow-by areas. Further tests 
indicated that when using a fuel of this 
type, a better seal is actually formed as 
the test progresses. It was believed 
that these valves could be burned if the 
soft face deposit was baked to a hard 
brittle material by a change of either 
operating or mechanical engine condi- 
tions. 

In an attempt to burn through this 
face deposit, the exhaust back pressure 
was increased to 7 in. of mercury, the 
intake valves were pinned to prevent 
rotation, and the unit pressure on the 
valve seat was reduced by installing a 
lighter spring and increasing the valve 
seat width to 3 in. The operating 
procedure was changed to include a 
cycling test, aimed at producing a ther- 
mal shock. These changes did not 
induce any evidence of burning. 


Effect of Fuel Type: 


Attempts were then made to burn 
through the deposit by operating with a 
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AIR TO CARBURETOR HEATER 


AIR FUEL MIXTURE HEATER 


straight-run fuel. It was believed ¢ 
this fuel would induce burning b cat . 
ing the soft face deposit previously |) 
down, to bake, become brittle, a 
ter when not continuously replew ists 

Although valve burning wag | 
obtained during this test, the reg 
were encouraging, since the face » 
posits were baked to a hard bri 
material. It was, therefore, de¢ 
to pursue this line of attack and atte: 
to increase the severity of the testi 
using a very clean fuel and increag 
the operating temperatures to abi; 
mally high values. This series of ¢ 
was extended by operating on zsooet(! 
at elevated jacket and mixture tempq 
tures. The valve was burned by i 
operation. 

The test procedure being emploj( 
at this point in the investigation was 
follows: 


ae Conditions 


TROLS 000 rpm 
Cylinder coolant 
temperature... .250 F. (glycol cools 
ee Renate 
ae dnp Pitine 180 F. 
heey back 
pressure....... 7 in. of mercury | 


Toad aoa canis Me open throttld) 
Air-fuel ratio..... 12.5 i 


Spark advance. ..5 deg: ‘B. T.D.C. 
Air-fuel mixture 
temperature... .330 F. 
Air to carburetor 
temperature... .270 F. 
Intake valve..... Pinned 
Intake eee 
seat width..... 


Lubr eee parstini S.A.E. : 


Of prime interest at this point w 
the peculiar soft face deposit formed: 
thermally cracked type 1 fuel and | 
phenomenon of inducing valve burn 
by changing fuel types. This probi 
was of interest because field rep 
had been received of intake valve bus) 
ing occurring in a certain few vehial 
of a large fleet. This fleet was usi 
a fuel which contained a large percent: 
of the thermally cracked type 1 fw! 
Further reports indicated that 
drivers operating the vehicles wh’ 
were in trouble usually purchased gay 
line foreign to the brand used at t 
home garage at a particular se 
station midway on their route. It \ 
suspected that in these vehicles a ¢ 
valve deposit may have been laid dol 
by the thermally cracked type 1 f 
component which was then baked t! 
hard brittle deposit by the foreign f 
this was presumably followed by 
valve burning. 

To check this effect, which had b 
indicated in earlier work, an inti 
valve deposit was first formed on av 
by using thermally cracked type 1 
under the severe test conditions sha 
in the tabulation. 


| 


February 19 


“4.—Laboratory Valve Deposit Ob- 
4 with eco Cracked Type 1 
uel. 


‘photograph of the valve, after 
*. operation, is shown in Fig. 4. 

the heavy fillet deposit. The 
leposit was typically soft with no 
-by area inevidence. Blow-by was 
ed across this face as shown in 
} by operating for a period of 127 

the straight-run fuel. The blow- 


The fillet deposit adjacent 
s area is also burned off. This area 
then healed by operating for a 
d of 22 hr. with the thermally 
ed type 1 fuel. The healed face is 
n in Fig. 6. Following | this, 
sht-run distillate was again fed to 
ngine and after 60 hr. of operation, 
-by reoccurred as shown in Fig. 
“he blow-by area is to the left of 
enter of the valve. 

ese tests demonstrate that with 
in fuel types no valve burning will 
> under these conditions, even 
zh a heavy valve deposit may be 
ned. When a different fuel is 
the character of the previously 
ed valve deposit is changed and 
> burning occurs. This may ex- 
why only certain vehicles out of a 


jor Burned» 


5 


area 


5.—Laboratory Valve Deposit from 
nally Cracked Type 1 Fuel Burned 
with Straight-Run Fuel. 
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large fleet are troubled by intake valve 
burning. 

The valve burning characteristics of 
two other cracked fuels were also evalu- 
ated. It was found that with a catalyt- 
ically cracked type 1 fuel, a brittle face 
deposit was obtained which guttered and 
burned the valve in 47 hr. (Fig. 8). 
The blow-by area is definite and is sur- 
rounded by lead salts. The unburned 
face deposit was quite brittle and spalled 
when scratched with a probe. The 
fillet deposit was extremely heavy and 
bulbous. 

A thermally cracked type 2 fuel was 
also tested, and valve burning was ob- 
served in 65 hr. 
resembled the valve burned with the 
catalytically cracked fuel. The face 
deposit was quite brittle and was accoin- 
panied by a heavy bulbous fillet deposit. 

The valve burning observed with 


Fig 6.—Previously Burned Laboratory 
Valve Healed by Thermally Cracked Type 
1 Fuel Deposit. 


these two fuels is in marked contrast to 
that obtained with thermally cracked 
type 1 fuel, which did not burn valves 
by itself. 

The mechanism of valve burning 
seems to involve the formation of a 
heavy deposit on the valve fillet which 
gradually builds up on the valve face, 
forming a uniform deposit over the 
entire seating area. It appears that at 
some point on the valve face, the deposit 
must become brittle and then spall. 
When this occurs, the passage of the hot 
combustion chamber gases causes local 
overheating of the valve, and this re- 
sults in incipient burning, guttering, 
and finally in complete failure. 


Effect of Air-Fuel Mixture 
Temperature: 


From earlier work it was found that 
the amount of deposit obtained on the 
intake valve fillet seemed to vary with 
the air-fuel mixture temperature. An 
extended series of tests was made with a 
thermally cracked type 2 distillate to 
evaluate systematically the importance 
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This valve closely — 


Fig. 7.—Laboratory Valve Reburned with 
Straight-Run Fuel. 


of this effect. Each test was standard- 
ized at 20 hr. and no attempt made to 
burn the valves. The assumption made 
was that the time required to burn the 
valve would depend upon the amount of 
brittle fillet deposit. 

Two curves illustrating the effect 
of air-fuel mixture temperature are 
givenin Fig.9. These show the amount 
of deposit, based on a visual rating sys- 
tem, obtained with various air-fuel 
mixture temperatures. Low numbers 
indicate little deposit. These two curves 
were obtained from the two cylinders 
of one engine in the same series of tests 
and illustrate quite well the extreme 
difficulty in duplicating this type of 
experimental data, even in the same 
engine under as nearly identical operat- 
ing conditions as possible. 

The data from several sequences of 
such runs show that the amount of 
intake valve deposit obtained follows the 
same general pattern, giving the maxi- 
mum amount of deposit at about 150 
to 200 F. air-fuel mixture temperature. 
Duplicate series of tests do not agree 
accurately with respect to amount of 
deposit and temperature for maximum 


Major burned va 


Miner burned- 
area 


Fig. 8.—Laboratory Valve Burned with 
Catalytically Cracked Fuel. 


(TP57) 45 


x----x No. | Cylinder 
o— No. 2 Cylinder 


Visual Rating 


150 200 250 300 350 
Air-Fuel Mixture Temperature, deg. Fahr. 


0 
100 


Fig. 9.—Influence of Air-Fuel Mixture Temperature on Intake 
Valve Fillet Deposits. 
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Fig. 11.—Effect of Torque on Intake Valve Fillet Temperature. 
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Fig. 13.—Effect of Air-Fuel Mixture Temperature on Intake Valve 
Fillet Temperature. 


deposition. This may be due to varia- 
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Effect of Engine Operating Variables: 
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Fig. 10.—Effect of Engine Speed on Intake Valve Fillet Temperd 
ture. 
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Fig. 12.—Effect of Cylinder Coolant Temperature on Intake Valli 
Fillet Temperature. 
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Fig. 14.—Effect of Ignition Timing on Intake Valve Fillet Temper 
ture. 


increases, but if this were the controll 


tion in the intake valve temperature 
caused by slight changes in unknown 
engine variables. In each series of 
tests, however, a definite optimum tem- 
perature was found above or below which 
the amount of intake valve fillet deposit 
decreased rather sharply. 


46 ~— (TP58) 


The discovery that there was a par- 
ticular mixture temperature for maxi- 
mum valve deposition raised the ques- 
tion as to why the deposits decreased at 
the higher temperatures. Certainly oxi- 
dation of the gasoline in the manifold 
should be greater as the temperature 
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factor, the deposits would not fall off | 
high temperatures. This reasoning It 
to the belief that the intake valve su: 
face must become sufficiently hot at tl: 
higher mixture temperatures to preve 
deposits from adhering. It was ther 
fore decided to conduct a series of tes 
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Speed 
Torque 


9 10 I 12 13 14 


Air-Fuel Ratio 
-—Effect of Air-Fuel Ratio on Intake Valve Fillet Tempera- 


ture. 


ermine the effect of engine operat- 
ariables on valve temperature in 
to permit independent variation of 
uxture temperature and the valve 
rature. If this could be done, it 
elieved that the separate effects 
xture temperature and valve tem- 
ure could be evaluated. 
thermocouple was developed to 
te the relative surface temperature 
valve fillet and a number of experi- 
made in which engine variables 
changed, one at a time, through 
sonable range and the effect on 
temperature observed. Care was 
f to allow the engine to reach equi- 
ii before each reading was re- 
d. 
can be seen in Fig. 10 that the in- 
valve temperature varies directly 
speed. This temperature also 
d directly with engine torque as 
n in Fig. 11. The straight-line 
onship of these two curves is rather 
ng. The effect of cylinder coolant 
erature is shown in Fig. 12 to be 
gible; this is rather surprising and 
bly a peculiarity of this particular 
ie design. The air-fuel mixture 
erature (Fig. 13) shows a more or 
linear effect on the intake valve 
erature. Ignition timing, shown 
ig. 14, effected a considerable in- 
e in valve temperature. As the 
on was advanced from 2 deg. to 
leg., the valve temperature in- 
ed over 200 F. It is interesting to 
ve that the valve temperature did 
change abnormally at the most 
need ignition timing, at which 
the engine was detonating rather 
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| | 
No. 7'L- Head 2 Cylinder Test Engine 
Single Cylinder Operation 


Jacket Temp. 
Intake Manifold Temp.— 200 F. 
Spark Advance —————— 5° 
Exhaust Back Pressure—4 in. Hg. 


1S 16 \7 ce) | 2 


3000 rpm. 
7 Ib.-ft. 
250 F. 


Intake Valve Temperature, deg. Fahr. 


Air-fuel ratio, shown in Fig. 15, 
effected an initial increase of the intake 
valve temperature to about 12.5:1; 
above this ratio, little change in tem- 
perature was observed. The effect of 
exhaust back pressure (Fig. 16) was to 
produce only a shght increase in tem- 
perature of the valve. 

This last work has only recently been 
completed and data regarding the rela- 
tive effect of intake valve temperature 
and air-fuel mixture temperature on 
intake valve deposits have not been ob- 
tained. 


General Conclusions: 


From the data, some general conclu- 
sions have been drawn with respect tothe 
effect of gasoline type and engine operat- 
ing conditions on intake valve burning. 

1, A set of conditions was found for 
this laboratory engine which gave signifi- 
cant valve deposits and evidence of valve 
burning with various gasolines. 

2. A curious phenomenon of incipi- 
ent valve burning and healing was ob- 
served. Thermally cracked type 1 gaso- 
line gave a fairly heavy, quite plastic 
face and fillet deposit, but no evidence 
of burning. Blow-by could be induced 
through this deposit by operating with 
a straight-run fuel. It was further 
demonstrated that this valve could be 
healed by operating again with soft 
deposit-forming thermally cracked type 
1 fuel. Blow-by was reinduced with the 
straight-run fuel. 


3. Thermally cracked type and 
catalytically cracked type 1 fuels gave 
heavy face and fillet deposits and read- 
ily burned valves. The face deposit of 
the catalytically cracked fuel appeared 
to be the most brittle. 
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No. 7 L-Head 2 Cylinder Test ‘Engine 


Single Cylinder Operation 
Speed 3000 rpm. 
Torque—————-7 |b ft 
Jacket Temp. 250 F. 
Intake Manifold Temp.——200 F. 
Spark Advance ———————_ 5? 
Air—Fuel Ratio 12.5/1 


3 4 5 6 iC 8 
Back Pressure, in. of Hg. 


Fig. 16.—Effect of Exhaust Back Pressure on Intake Valve Fillet 


Temperature. 


4. Investigation of the effect of air- 
fuel mixture temperature on amount of 
fillet deposits in this engine indicated 
maximum deposition on the valve fillet 
to occur, under conditions of the test, 
at approximately 150 to 200 F. This 
temperature was critical, the deposition 
decreasing rather sharply when operat- 
ing either above or below the optimum. 


Present Status of the Work: 


The investigation is now being di- 
rected toward rechecking certain of the 
observed effects and to obtaining data 
on valve deposits as affected by induc- 
tion system and intake valve tempera- 
tures. 

As previously stated, this paper con- 
stitutes only a progress report setting 
forth data and conclusions as they have 
been found to date. This problem will 
require a considerable amount of addi- 
tional study before final conclusions can 
be drawn. It is realized that the results 
reported here are fragmentary in nature, 
but it is hoped that they may be of value 
in suggesting factors which may con- 
tribute to the recurring phenomena of 
intake valve burning. 
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Felt Tests and Specifications and Their Interpretation 


Fics is a misapplied 
word. Its use runs the gamut of the 
roofing, flooring, and mattress indus- 
tries, despite the fact that the product 
covered has little relation to felt as used 
in either A.S.T.M., S.A.E., Felt Asso- 
ciation, or Government specifications. 
Anything that might serve to clarify the 
line of demarcation between felt and 
feltlike products should help the average 
consumer to purchase and use the felt 
best suited to his purpose. 

We all deal with specifications for felt, 
most of which include various tests and 
methods for determining test figures. 
In none of these specifications is there 
any explanation of the reason why such 
such tests and test requirements have 
been set up or what purpose they serve. 
Many consumers may also wonder what 
is the value of these tests and what they 
have to do with quality. 

As we all know, there are several kinds 
of laboratory tests. One type is used 
so that a purchaser is sure that he gets 
the same item from various suppliers; 
another type is a test having something 
to do with the ultimate or end use of the 
felt or thefelt part. The original quality 
requirements for felt were set up at least 
30 years ago and were simply an adapta- 
tion of test controls that were used for 
textiles in general. They have since 
been expanded. 


Breaking Strength: 


Yarns and cloth at that time were 
tested for breaking strength, and this 
requirement was tacked onto felt, de- 
spite the fact that felt is seldom used 
where it is subject to a stretching action. 
As the years went by, the inadequacy of 
a breaking strength test was recognized 
in the felt trade, and a further strength 
requirement was added, namely, split- 
ting resistance. 


Splitting Resistance: 


Splitting resistance is the amount of 
resistance offered to the tearing apart of 
the felt when it is split through its 
middle section, in other words, slicing 
into the center of a piece of felt. subse- 


NOTE.—DISCUSSION OF THIS PAPER IS 


INVITED, either for publication or for, the atten- * 


tion of the author. Address all communications 
to A.S.T.M. Headquarters, 1916 Race St., Phila- 
delphia 3, Pa. 


1 This paper was presented at the meeting of 
Subcommittee A-10 on Felt of A.S.T.M. Com- 
mittee D-13 on Textile Materials, Detroit, Mich., 
October 28, 1949. 


2 Chief, Research and Development Depart- 
ment, The Felters Co., Millbury, Mass. 
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By R. R. Stevens” 


quently measuring the number of 
pounds of pull required to finish pulling 
it apart. 

This test really means something as 
to the quality of felt, especially felt pads 
and back checks, because it measures 
not only the staple length of the wool 
used to make the felt, but also of the 
actual felting which is put into the 
goods. Coincidentally a good grade of 
wool, and therefore a more expensive 
wool, has to be used to provide the felt- 
ing property needed to raise the splitting 
resistance. 


Ash Test: 


At the time original felt testing was 
set up, there was a textile practice on silk 
fabrics of tin weighing. It was and 
still is the practice to use China clay, 
talc, and chalk for the weighting of 
cotton goods. All of these compounds 
show up as a residue when the textile 
fibers present in cloth or felt are burned 
away or ashed. The ash test was in- 
serted to prevent adulteration and false 
weighting, and to insure that the con- 
sumer got wool or cotton fiber where 
he desired it. 


Matter Soluble in Carbon Tetrachloride: 


This test replaced an original double 
requirement which called for separate 
tests for alcohol and petroleum ether 
soluble extractions. Carbon _ tetra- 
chloride soluble extract is residual oil 
from necessary picking and carding 
operations in felt manufacture. Such 
oil is not intentionally added as an 
adulterant but is employed to insure 
against fiber breakage during manu- 
facture, thus providing the consumer 
with the best value from a given com- 
bination of fibers. Carbon tetrachlo- 
ride soluble matter also includes residual 
natural wool grease, left from the scour- 
ing of the wool. Such wool grease is in 
no way harmful to machine parts, as in 
its refined form it is used in face creams 
and the like under the name of Lanolin. 

The basic reason for setting’ a maxi- 
mum in the amount of carbon tetrachlo- 
ride soluble matter is simply to prevent 
the manufacturer from weighting his 
product by adding or leaving in it an 
excessive amount of oil or grease. Many 
of our consumer complaints that there 
might be 0.5 per cent excess of such solu- 
ble over the specified amount would 
seem to indicate that the oil might 
affect the wearing quality, or some 
other property of the felt, whereas such 
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facturer were intentionally adding « 


is not the case. Often, the felt user y 
complains about excessive oil cont 
will wet out the cut felt part in ¢ ol 
some mechanical or industrial purpq 

Of course, in the case of felts 
water yicking: clothing purposes, : 
uses where staining may result in « 
tact with white materials, the oil ‘) 
grease content figures, as represented: 
the carbon tetrachloride soluble mata 
can be important and have a defi 
bearing on the usefulness of the f, 
hence the need for a maximum limit, 


Matter Soluble in Water: 


The weight of materials that canii 
extracted by the laboratory treatm 
of felt with successive washings wi 
boiling water represents the me tl 

“water-soluble” material. Such me 
rial may include residual soap, sizing) 
stiffening, such as starch and glue, sq, 
natural perspiration extract, or wi 

“‘suint” from the sheep’s wool used, : 
residual dust and dirt. Here agen 
exceeding of allowed amounts by 4 
to 1 per cent should not cause ale 
to a customer, because if a felt maah 


ficient sizing or glue to weight his pr7 
uct, the figures would have to run ij 
to or exceed allowed amounts by @ 
5 per cent, to make it worth whilai 
bother with the weighting operation 


Wool Content: 


This term needs little explana‘) 
except to say that we should discount 
consumers from using wool labe) 
figures as a control for wool content, @ 
a specification for purchasing ? 
Wool content by prescribed felt test: 
methods is entirely different from a. 
trary figures giving the actual perce 
age of used, reprocessed, and new ¥ 
that any particular manufacturer mi 
employ in making a given felt. Mi 
combinations of various amountsi 
these types of wool can be used to ma 
facture felt. Manufacturers are > 
quired by law to wool label felts. 
wool labeling is used to prevent mis} 
resentation of fiber content in the » 
retail selling, rather than to provici 
formula for compounding wool 
products in making felt. 


Tests for End Use: 


Methods of test for various end 
rather than quality control in ca 
are touched on but briefly for the ree 
| 
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ll such tests vary with the con- 
‘and his requirements. 

}example, tests on the Mullen 
machine, as shown in A.S.T.M. 
ds for Testing Felts (D 461-49),° 
> applied to the thinner, firmer 
| Many of the thicker felts are not 
e for reproducible burst tests. 
isuch cases the tare diaphragm 
re is important. The primary 
or use of burst tests might well 
it of filtering felts. 

er tests which are similarly limited 
application to specific uses of 
lude the tests for moisture resist- 
mildew resistance, oil absorption, 
g, shrinkage, wash fastness, per- 
on and light fastness, crocking, 
ermeability, or resistance to the 
se of air. Many specific tests 
2 to do with end use never will be 
icient general interest to warrant 
ittee work and are better devel- 
oy the individual consumer. 


for Woven Goods: 


night be interesting to see how 
] tests that are used on other 
5 work on felt, and why we have to 
special felt testing methods. 
the A.S.T.M. General Method of 
ig Woven Textile Fabrics (D 
),4 the trapezoid tear test on 
3 follows down either the warp or 
lling, as the case may be. Felt 
o yarn structure. Hence when 
i is applied to a sample of felt we 
tearing effect to one side, at right 
to the tearing forces involved. 
eveals nothing as to the quality of 
lt. 
the same reason the tongue tear 
oes not apply to felt. 


il Felt Tests Necessary: 


> to the wide range of thicknesses 
ch felt is manufactured, it is neces- 
to have different considerations 
testing the thinner fabrics such 
> used for clothing and uphols- 
Thus, in some mechanical uses, felt 
pe subject to a shearing force or 
in which the cross-section becomes 
ension fully as important as to 
th and stability as the lengthwise 


9 Book of A.S.T.M. Standards, Part 5, 
Ea. 107, 


ary 1950 


or crosswise dimensional 
strength. 

A test for resistance to shearing might 
be considered in which the two face 
surfaces of a sample are adhered to 
jaws, or adapted jaws, and subjected 
to a tension pull producing a shearing 
force in the plane of the felt. Such a 
test is suitable only when the adhesion to 
the jaws is greater than the shear resist- 
ance of the felt, the basis for this type of 
test is given in A.S.T.M. Tentative 
Methods of Testing Rubber Adhesives-— 
Method B. Adhesion Strength in Shear 
(D 816-46T).° Table I shows the rela- 
tive strength of a number of felts as 
determined by random tests made to 
explore this method. 


breaking 


TABLE 1.—SHEAR TESTS ON ME- 
CHANICAL ROLL FELT. 


Face Test 
Width | Area Results 
of e- of 
Thick- Text | tween Face 
f ness, Strip, | Jaws, Area, 
S.A.E. in. in, sq. in. psi. 
No. F-3 4% 2 2 110 
No. F-7 M% 2 2 45 
No. F-11 % 2 2 30 
No. F-15 4 2 2 15 
No. F-26 My 2 2 1% 


Another similar type of test, bringing 
into play shearing and other forces 
employs a cut-back specimen in which 
one half of the cross-section is cut away 
on opposite sides at each end, leaving a 
center portion of specified area in full 
thickness. Tension is then applied in 
the plane of the cut sections. 

Such shear tests are unique for a tex- 
tile material, as felt is one of the few 
fabrics that has no yarn structure, but 
does possess intrinsic internal strength, 
or cohesion, and is manufactured in 
thicknesses up to one inch or more. 


Use of Fluorescent Dyes: 


Looking forward in the field of felt 
testing, a few observations on the possi- 
bility of using fluorescent, or ultraviolet 
light activated materials, may be of in- 
terest. White wool may be dyed or 
treated with such materials, which are 
invisible in ordinary light, and added to 
untreated wools in desirable proportions, 
previous to felt manufacture. Such 
blended felts may then be examined 


5 1949 Book of A.S.T.M. Standards, Part 6. 
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under ultraviolet light, at various stages 
of manufacture to trace travel of fiber, 
to locate experimental lots, to identify 
face and back constructions, and to 
measure the tendency of various fiber 
felt constructions to come to the surface 
of the felt. 

The advantage in using such a means 
of testing and identification is the ab- 
sence of any discoloration of white felt, 
its permanence and the lessening of bias 
in judging or processing of sample runs. 
The use of fugitive stains in marking 
sample runs is improved upon because 
identification of white materials can be 
carried through to the finished stage, 
whereas colored stains are removed in 
some intermediate stage of processing. 

Such identifying techniques are rela- 
tively inexpensive. Compounds are 
applied from water solutions, rather 
than solvents. Identifying ultraviolet 
bulbs cost only a few dollars. There are 
possibilities of applying such compounds 
during carbonizing or as an after treat- 
ment during wool scouring. 

Samples manufactured to take advan- 
tage of this treatment show that in a 
sandwich-like construction wool travels 
from one plane or laminate into another, 
although in reference to this particular 
test the penetration was by no means as 
extensive as would be expected from 
general statements to be found in the 
literature, or from splitting tests run 
before and after felting. 

By the fluorescent treatment of a 
given component of wool in a blend, the 
efficiency of blending and also of carding 
can be evaluated. Such study might be 
carried further for research in evaluation 
of the felting of batt formations made 
by air laying in which there might be no 
laminated carded webs. Research study 
of the cause of splittiness in cross-section 
of thick felts is also possible with this 
technique. Such fluorescent whitening 
materials have good fastness to acid 
and alkali and withstand the usual 
chemical processing encountered in the 
manufacture of felt. 

This technique is only one of many of 
the fluorescent selective invisible stain- 
ing tools which are available for re- 
search and testing. It is through such 
organizations as A.S.T.M. that their 
possibilities can be brought to our atten- 
tion and exploited. 
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Discussions of a Century Ago Concerning the Nature « 
Fatigue, and Review of Some of the Subsequent Research 
Concerning the Mechanism of Fatigue 


By R. E. Peterson’ 


SYNOPSIS 


This introductory paper consists of two parts: 
A description of a meeting of the Institution of Mechanical Engineers at 
Birmingham, England, in 1849, where the nature of fatigue of metals is under 


discussion. 


Some comments are also made concerning the general state of 


knowledge of mechanics of materials at that time. , 
A review of some of the subsequent researches concerning the mechanics of 


fatigue. 


This includes a discussion of early work concerning the nature of fa- 


tigue, metallographic studies, work with single crystals and aggregates of a 
few crystals, studies with X-ray methods, application of electron microscope, 
research at elevated temperatures and with nonmetals into conditions govern- 
ing inter-crystalline and trans-crystalline failure. 


Discussions OF FaTIGue IN 1849 


One hundred years 
ago, October 24, 1849, to be exact, we find 
fatigue of metals being discussed in a 
meeting at Birmingham, England, of the 
Institution of Mechanical Engineers, 
which, incidentally, had been in ex- 
istence but two years at that time?’ 
Ci) 

The distinguished Robert Stephenson, 
second President’ of the Institution, 
oceupies the chair; a paper ‘On Rail- 
way Axles” (2) is being read by Mr. 
James E. McConnell, Locomotive Su- 
perintendent of the London and North 
Western Railway: 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the atten- 
tion of the author. Address all communications 
to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

1 Presented as the introductory paper at the 
Session on Fatigue of Metals held on October 10, 
1949, at the First Pacific Area National Meeting, 
San Francisco, Calif. 

2 Chairman of A.S.T.M. Committee E-9 on 
Fatigue; Manager, Mechanics Dept.; Westing- 
nome Research Laboratories, East Pittsburgh, 

a. 

3 The original members were 70 in number; 
one of the requirements of membership was that 
of being ‘‘managing-head of an establishment 
where engines or machines are made or employed.”’ 
There was, however, a provision that other 
eminent mechanical engineers might also be 
admitted. 

4 The boldface numbers in parentheses refer 
to the list of references appended to this paper. 

5 George Stephenson, the ‘‘Father of Railways,” 
was the first President. Next to George Stephen- 
son, his son Robert ranks easily as the greatest of 
the pioneers of the railway system. Robert was 
largely responsible for the design of the famous 
“Rocket’’ whose performance at the Rainhill 
trials in 1829 definitely established the position of 
the steam locomotive in railway traction. He 
soon gained a reputation as a railway engineer 
second only to that of his father, after whose 
death he rose to the same unrivalled eminence. 
Robert Stephenson became famous for the bold- 
ness and excellence of his bridge building. He 
was a Member of Parliament for twelve years, was 
elected F.R.S. in 1849, and was President of the 
Gia of Civil Engineers in 1856 and 1857 
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‘«_. our experience would seem to prove 
that, even with the greatest care in manu- 
facturing, these axles are subject to a rapid 
deterioration, owing to the vibration and 
jar which operates with increased severity, 
on account of their peculiar form. So cer- 
tain and regular is the fracture at the 
corner of the crank from this cause, that 
we can almost predict in some classes of 
engines the number of miles that can be 
run before signs of fracture are visible. 

“The question of deterioration of axles 
arising from various causes, which I have 
enumerated, is a very important one to all 
railway companies; that some change in 
the nature of the iron does take place is a 
well-established fact, and the investigation 
of this is most deserving of careful atten- 
tion. 

“T believe it will be found that the 
change from the fibrous to the crystalline 
character is dependent upon a variety of 
circumstances. I have collected a few 
specimens of fractured axles from different 
points, which clearly establish the view I 
have stated. It is impossible to embrace 
in the present paper an exposition of all 
the facts on this branch of the subject; 
but so valuable is a clear understanding of 
the nature of the deterioration of axles, 
that I am now registering each axle as it 
goes from the workshops, and will en- 
deavor to have such returns of their per- 
for mances and appearances at different 
periods as will enable me to judge respect- 
ing their treatment. When it is con- 
sidered that on the railways of Great 
Britain there are about 200,000 axles 
employed, the advantage of having the 
best proportions, the best qualities, and 
the best treatment for such an important 
and vital element of the rolling stock must 
be universally acknowledged.” 


Mr. McConnell tells of some experi- 
ments he has made:, 


“Tn the second experiment ... an axle 
.. on being bent alternately backwards 
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-opinion, that a change takes place f 


applied on the same wheel at oppd 
points) was broken at the twelfth ti 
bending....” 


He also offers advice which if hees 
could have prevented many a fai 
since his time: : 


“«.. all my experience has proved|f 
desirableness of maintaining ... (joi 
of axles) as free as possible from sli 
abrupt corners, and sudden alteratio 
diameter or sectional strength.” 


The discussion is lively and cen} 
largely about whether or not the sti 
ture of a material changes when :/ 
jected to vibration. There is consi¥ 
able difference of opinion among § 
discussers. 

The Chairman, Robert Stephen} 
comments: j 


“Mr. McConnell has expressed a sti | 


fibrous structure in iron to a crystal 
one during the time of its being in use. 
will be satisfactory if an instance ¢aaj 
pointed out where this change has 
curred. I have not been able to saj 
myself from many experiments that ‘ 
such molecular change takes place.® 


Mr. Archibald Slate, Birmingig 
Patent Tube Works,’ is interested ini 
performance of pump rods, and |} 
scribes what may be considered a fata 
testing machine. (Unfortunately) 
did not break any test specimens s 
his tests were evidently at a stress || 
far under the endurance limit.) 


““A short time ago ... I made a maci! 
in which I put an inch square bar | 
jected to a constant strain of 5 tons ani 
additional varying strain of 24 tons, al 
nately raised and lowered by an ecce 
80 or 90 times a minute. This motion) 
continued for so long a time that I | 
sider it equal to the effect of 90 years’ | 
way working, but no change whatever 
perceptible. I am therefore one of t!! 
who does not believe in a change fra 
fibrous to a crystalline structure’ 
TRON RE ay. 


6 Further discussion of Robert Steph 
occupies two pages of the I.M.EB. Proce 
reference (2), pp. 22-25. (I.M.E. disouye 
are recorded in third person.) | 
: A Slate was also first Secretary © 
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John Ramsbottom, Chief Engi- 
the London and North Western 
y, believes that a change takes 
nd comments: 


arallel case might be observed with 
ce to an ash stick which if doubled 
ak with a fibrous fracture; but if 
ed to vibration, however slight, 
through it a great number of 
t will break in a different mode.” 


Chairman, Robert Stephenson, 
nes for the second of three times, 
sound advice: 


only desirous to put the members 
ir guard against being satisfied with 
an incontestable evidence as to a 
lar change in iron, for the subject is 
serious importance, and the break- 
n axle has on one occasion rendered 
tionable whether or not the engineer 
perintendent would have a verdict 
laughter returned against them. 
vestigation hence requires the 
t caution; and in the present case 
s not evidence to show that the axle 
brous beforehand, but crystalline 
it broke. I therefore wish the 
rs of the Institution, connected as 
e with the manufacture of iron, to 
before you arrive at the conclusion 
on is a substance liable to crystalline 
a molecular change from vibra- 
3 is followed by Mr. McCon- 
furnishing what he believes to be 
y incontestable evidence of the 
of my position.” After much 
discussion, the meeting ends, 
g the question far from settled. 
ich, then, for our looking in at this 
og 100 years ago. 
» discussion along the foregoing 
sontinued throughout 1850, in the 
ngs of January 23, April 24, and 
er 23 (the Institution held four 
ags annually at that time). It is 
orth while to go into detail con- 
i these discussions; only two 
sions will be noted, one humorous 
1e other technically significant. 
P. R. Jackson suggested that a 
of those present be taken as to 
mn regarding whether a material 
ns fibrous or becomes crystalline 
vibration. The chairman, how- 
was equal to the occasion and re- 
that such a vote would be con- 
to the practice of the Institution. 
-P. R. Hodge remarked (3) that 
ive at any true results as to the 
ure of iron it would be necessary to 
the aid of the microscope to ex- 
the fibrous and crystalline struc- 


3 excellent suggestion, which seems 
rious to us now, was pursued by 
t Stephenson who reported (4) 
e had since the last meeting exam- 
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ined “a piece of iron called crystalline, 
and a piece of iron called fibrous” under 
a powerful microscope and that it would 
probably surprise the members to know 
that no real difference cou'd be per- 
ceived. 

The direct effects of repeated strain- 
ing were not to be observed microscopi- 
cally for another half century. The 
statement of Robert Stephenson did not 
end the discussion by any means. Mr. 
McConnell stated that an alteration 
took place in the quality or condition of 
the iron as was manifest from a great 
abundance of evidence; and he thought 
that it would be a decided improvement 
if they would adopt some other word 
which could express the quality or con- 
dition of iron in its (brittle) state; it 
was clear that a change did take place, 
making that which was originally tough 
quite brittle. 

One might ask at this stage why the 
writer has devoted so much space to the 
early Institution of Mechanical Engi- 
neers meetings, since no conclusions or 
direct results seemed to have been at- 
tained. These are not even the first 
discussions of the subject. The cen- 
tennial aspect is, of course, of interest, 
but more important is the fact that these 
meetings were characterized by par- 
ticularly spirited discussion which was 
carefully documented. It should be 
noted that, in the fatigue of metals 
field, the concepts which we now so 
readily accept as self evident were not 
easily gained. The elementary facts of 
fatigue of metals could not be- forth- 
coming until systematic tests were made. 
The tests of James and Galton had 
been carried out for the “Iron Com- 
mission,” but the significance of these 


8 See, for example, references (5, 6, 7, 8, 9, 10). 

James Nasmyth, famed inventor of the steam 
hammer, in a lecture in 1842 (6) stated that ‘‘In 
locomotive engines the axle was the chief point of 
danger; and it was therefore important, both as a 
scientific and practical question, to determine the 
nature and habitude of iron when placed under 
the circumstances of a locomotive axle. Experi- 
ment was the only way to discover this, and he 
would have wished to place iron under exactly 
similar circumstances; but the short time inter- 
vening since the subject had come before the 
Section had rendered it impossible to do so. One 
opinion was, that the alternate strains in opposite 
directions, which the axles were exposed to, 
rendered the iron brittle, from the sliding of the 
particles over each other. To illustrate this, Mr. 
Nasmyth took a piece of iron wire and bent it 
back and forward; it broke in six bends.’ 

The subject was not unknown in America at 
these early times. Prof. Mapes (10) in 1844 
comments ‘‘Notwithstanding the many fashion- 
able hypotheses in relation to the wearing out or 
ultimate noncohesion of the particles of iron in 
railroad tracks, by weight of load and _ linear 
impingement, still it was clearly shown that by 
practical results, stated at these conversations, 
when a rail was of sufficient width and thickness, 
the impingement of the wheels did not deteriorate 
the quality.” : f 

9In 1847 a commission was_ appointed to 
inquire into the application of iron to railway 
structures.’’ In this connection Captains James 
and Galton made a variety of tests including some 
repeated stress tests. The Commission report 
was published as a government document in 
1849 (10a). The results were not published by 
James and Galton before a technical society. 
The main findings were, however, mentioned by 
Fairbairn in 1850 (11) and discussed in more detail 
in 1864 (12). 
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tests was not fully appreciated at the 
time. The well-known investigations 
of Fairbairn (12) and Wohler (13) were 
to come later. 

It is of interest to note that the 
steam engine and its application to 
pumps and locomotives introduced 
dynamic repetitive loading of a magni- 
tude not experienced previously in 
machinery and structures, with the 
result that fatigue failures occurred in 
service; this field experience led to the 
early work indicated above. 

The approach was therefore an engi- 
neering one, intended to answer prac- 
tical questions. The first main facts 
might have been discovered by means of 
abstract investigations of the effects of 
cyclic loading on materials conducted 
entirely along scientific lines; such a se- 
quence was evidently not responsible for 
opening the field of fatigue of metals. 
In view of this circumstance, consider- 
able importance should be attached to 
meetings where experiences are re- 
viewed and discussions take place aimed 
at interpreting and understanding serv- 
ice behavior. This comment is meant 
to apply to our meeting today as well as 
the one a century ago. 

It is a pleasure to note that airplane 
designers are participating in this pres- 
ent session, and it is hoped that the 
discussion will be as wide open as was 
the case a century ago; and that we 
will also admit what we do not know, 
with the idea of starting investigations 
to understand what we cannot now ex- 
plain. 


REVIEW OF SOME OF THE SUBSEQUENT 
RESEARCHES ON THE MercHANISM 
oF FATIGUE 


The question of ‘crystallization,’ 
under discussion a century ago, was not 
completely clarified for a long time.!° 
Older ideas were not easily discarded: 
it had been thought that magnetism'™ 


W Mr. R. L. Templin points out that consider- 
able misunderstanding still exists regarding 
“crystallization.’’ He felt that a notable educa- 
tional contribution was made by the National 
Bureau of Standards Letter Circular LC 204 
“Metals Do Not Crystallize Under Vibration,’’” 
July 14, 1926 (Replaced by LC 486, January 6, 
1937). 

1“The rapid rotation of the axle produces a 
powerful magnetic action, while the friction 
causes much heat; and these effects, added to the 
constant percussion which is produced by the 
peculiar motion of railway wheels, cause crystal- 
lization to be produced with extreme rapidity; 
the effect being probably further increased in the 
axles of locomotive engines by the magnetizing 
power of the electricity generated by the effluent 
steam’’ from paper by Charles Hood (F.R.A.S.) 
before Inst. of Civil Eng. (1842) (7). 

M. Francois and Col. Aubert in their report to 
the French government concerning axle failures 
attribute the crystalline appearance of fracture to 
“magnetic and electric changes in the molecular 
structure of the iron caused by friction in the bear- 
ings and great velocities’’ (8). 
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was a factor, that steady load would 
cause deterioration of a member with 
time (14), that loading velocity (15) 
would explain the mysterious service 
failures, that repeated loading induced 
permanent set (16), ete. 

While we have mentioned, in the 
title of this paper and elsewhere, early 
discussions of fatigue, this name was not 
used at first, but instead the phenom- 
enon was more apt to be called “crys- 
tallization due to vibration” or to some 
other cause, such as mentioned above. 
The term “fatigue” was first introduced 
into the literature in 1854 by Braith- 
waite (17) who said that the term had 
been suggested by Mr. Field.%2 As 
might be expected, this new term 
brought forth discussion as to its ap- 
propriateness (such discussions are still 
forthcoming). Braithwaite replied that 
he merely adopted Mr. Field’s term be- 
cause it was the most expressive he 
could find and because the action was 
progressive (a reasonable answer, then 
and now). 

The concept of an endurance limit was 
established by the tests of James and 
Galton, Fairbairn and Wohler; this was 
a necessary concept since the question is 
not whether vibration has an effect on 
metal, but what vibration amplitude is 
required for an effect to manifest itself. 
(Archibald Slate, for example, ran all of 
his tests under the endurance limit.) 

The use of the metallurgical micro- 
scope, in studying effects of fatigue, sug- 
gested nearly 100 years ago, was of 
great importance in advancing knowl- 
edge of the mechanism of fatigue of 
metals. A number of excellent papers 
dealing with research by metallographic 
methods appeared in the years just be- 
fore and after the turn of the century. 

A milestone along this road is the 
work of Ewing and Rosenhain (18) in 
describing ‘slip bands” and thereby 
showing what happens as elastic con- 
ditions become exceeded locally. By 
straining the specimen after polishing 
and etching, it became possible to ob- 
tain observable effects. 

This was followed by the work of 
Ewing and Humphrey (19) wherein the 
behavior of a polished and _ etched 
specimen subjected to repeated stress 
was observed under a microscope. The 
connection between slip and eventual 
breakdown in fatigue was established by 
this work. Regions of heavy slip were 
shown on polishing and etching to have 
developed cracks corresponding in loca- 
tion to the original slip lines. 

Scientific work in a new direction is 
not without a certain excitement, as one 
can sense by reading the discussion (20) 


12 Presumably Joshua Field, F.R.S., President 
of Institution of Civil Engineers, 1849, 
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between Rosenhain of England, Osmond 
of France, and Heyn of Germany. 

Further research with the aid of the 
microscope was carried out by Gough 
and Hanson (21) who coupled precise 
mechanical tests (static and fatigue) 
with observations under high magnifica- 
tion. It was shown that slip lines occur 
under the endurance limit and in some 
cases even below the proportional limit. 

Research on the fatigue of single 
crystals was started by Gough and his 
co-workers (22) in 1923 and extended 
over the following ten years (23). This 
work covered such materials as alu- 
minum, iron, zine, silver, antimony, and 
bismuth; in most cases single crystals 
were tested, but in a few cases groups 
of a few crystals were contained in a test 
section. These investigations were 
characterized by X-ray determination of 
the lattice orientation with respect to 
the axis of the test specimen and an 
analysis of the stresses acting in the 
principal directions on the crystallo- 
graphic planes. The specimens were 
subjected to repeated torsion and the 
resulting slip lines and fatigue cracks 
were observed with a microscope. It 
was found that slip occurred in accord- 
ance with the maximum resolved shear 
stress.!3 In traversing around a single 
crystal specimen subjected to torsion the 
directions of maximum resolved shear 
stress change, and it is interesting to 
note how sharply the slip lines change in 
direction accordingly. 

Slip behavior as just described is pro- 
duced by static loading or by repeated 
loading. With repeated loading there 
is a tendency to slip back and forth on a 
particular slip plane; this usually 
brings forth a “contest” between two 
tendencies: a tendency to work harden 
in the region of the slipping surfaces 
and a tendency for the slipping surfaces 
to break down into a separation or 
crack. Sometimes the first predomi- 
nates, as in the case of understressing 
where there is considerable slip but no 
failure, and sometimes the latter pre- 
dominates in which case the usual 
fatigue failure results. The conditions 
which determine the outcome of the 
“contest” are not well understood. 

Orowan (26) has suggested a model 
wherein a plastic element in an elastic 
surrounding undergoes strain hardening 
in decreasing amounts with numbers of 
cycles. As the plastic element strain 
hardens, the stress acting on the ele- 
ment increases. If the stress reaches 
the failure value, a crack occurs and 
fatigue failure follows due to the spread- 
ing of the crack. If the plastic element 
does not attain the critical failure value 


13 See also previous work A single crystals 
subjected to static stress (24, 25). 
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‘also a shear phenomenon, the te 


before strain hardening ceases, fatig 
failure will not occur. Although fati é 
failure is more complex than is rer: 
sented by Orowan’s model yet the bg} 
mechanism which Orowan propas 
must certainly form a part of any | all 
quate description of fatigue failure. 
As we have noted, certain slip li) 
eventually become separations or crag 
One or more of these minute 
starts to spread and this develops intp 
gross crack which, in general, meandy 
through the grains in a zig-zag fashy, 
in an average direction normal to 4) 
direction of tensile stresses. It shok 
be remembered, however, that althou 
the fractured surface generally folloy 
normal stress field, the micr 
source of failure is due to shear. 
In design involving combined stress; 
shear theories are used, either the maj 
mum shear theory or ‘the shear-eneti 
theory. With regard to the latter, thi 
appear to be two schools of thoug 
one group sees real significance i 
energy!* per se as a criterion of fail 
while the other group (28, 29, | 
points out that if one considers randi 
orientation one obtains, analyticar 
approximately the same ratio, 1/vf 
of torsion yield to tension yield. ' 
While a complete theory has as ¥ 
not been determined, it can at leasty 
said that, for ductile materials, sk 
is the basic mechanism determining 
start of failure. Since _plastici 
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amount of work in the field of plastit 
will undoubtedly produce results wis 
will be useful in the fatigue field. “Jj 
theory of dislocations (31) is of inte# 
in this connection. Be 
X-ray diffraction methods have b 
used to determine structural char 
associated with failure (32, 33, 34, , 
A breakdown of the grains into a 
of crystallites having a limiting size 
10~* to 10~° cm. occurs whether sts 
or repeated loading is used to prod) 
failure. Cycling to failure results| 
heavy lattice distortion of the crys 
lites, indicating severe internal stresse 
the crystallites. Later tests by W/ 
and his associates (36) have shownil 
sidual stresses in the lattice (not td 
confused with gross residual stresses {/ 
test specimen) as a result of yieldli 
Further work of this kind needs tc 
done in close correlation with eye 
tests in the region of the endure 
limit. | 
The electron microscope has lt! 
used to study the slip process in 
minum crystals (37). A “slip line’ 
“slip band” in aluminum was showk 
be a laminar region consisting of a li 


eS See review of recent views on energy the} 
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2r of laminae about 200 A thick 
latively displaced about 2000 A. 
technique could be used to de- 
e the effects of cycling, it seems 
better understanding would be 
ed of the mechanism of the de- 
ent of slip into separation or 


of interest to examine the con- 
of failure in a material where 
d work-hardening do not exist. 
ave been made of glass rods (36) 
ding under three conditions—(a) 
ating, (b) rotating 14 rpm., and 
ating 10,000 rpm. For various 
levels, the average time to frac- 
as found to be approximately the 
5 


of course well known that steel 
tant stress and high temperature 
acture with time, the time inter- 
epending on the applied stress. 
is the so-called “creep-rupture’’ 
menon, which has become of 
importance in gas turbine design. 
me phenomenon occurs in lead at 
mperature. Creep-rupture frac- 
in general are characterized by 
inter-crystalline, while the usual 
e fractures are trans-crystalline. 
(39) cites a case where fatigue 
were made at 1200 F. of 0.20 
nt carbon steel at 300 cycles per 
and at 2500 cycles per minute; 
lotted on a number-of-cycle-to-frac- 
asis the curves were separate, but 
plotted on a time-to-fracture basis 
arve represented both sets of data. 
e cites this as a coincidence, but 
annot help but notice the simi- 
to the results with glass. Moore 
tates that in fatigue tests of lead 
om temperature the time-to-frac- 
eems to decrease as the frequency 
Ses. 
th regard to mechanism of failure 
svated temperature, the work of 
on and Wheeler (40) is of interest. 
made microscopic examinations 
uminum specimens subjected to 
aged loading at temperatures up 
0 C. They found that at the 
r temperatures, the number of slip 
increased to an extent that they 
1e difficult to detect. In other 
s, for a given deformation, an in- 
2d number of steps means smaller 
ements; it was suggested that 
ne cases the slip lines may be in- 
e under the microscope. 
is quite evident that a fruitful 
ion for research lies ahead in the 


is is an especially striking result when one 
rs that the volume of material subjected to 
‘ress is different in the rotating and non- 
g cases and that the time at peak stress of 
ren point is different in rotating and non- 
g cases. The above two circumstances 
fset each other; this could be clarified by 

tests planned to eliminate one of the 
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exploration of the relationship between 
the above fields where these overlap or 
border on each other. It should be 
pointed out that considerable scatter is 
apt to occur in rupture testing; from 
an examination of the work of Gurney 
and Pearson (38) it is quite evident 
that if they had not approached the 
problem statistically by using a large 
number of specimens (72 specimens 
were used for each curve) the results 
would have been too scattered to be of 
any value. 

Recent studies on grain boundary 
effects by Boas and Hargreaves (41) 
have indicated that a mechanism other 
than slip may be operating near the 
boundaries during deformation. Fur- 
ther work in this direction may have a 
bearing on the mode of failure (trans- 
crystalline or inter-crystalline)  dis- 
cussed above. A recent paper by 
Radavich (42) seems to indicate that 
the electron microscope may be useful 
in studying grain boundary phenomena. 
The grain boundaries of ingot iron 
varied from 0.08 to over 0.4 micron in 
thickness. Certain brittle conditions 
seemed to be associated with the 
thicker boundaries. 


CoNcLUDING REMARKS 


As implied by the title, we have been 
concerned in this paper with the nature 
of fatigue. There is of course an 
engineering side of fatigue of metals 
concerned with the accumulation of 
extensive and valuable data for design 
use. It is beyond the scope of this 
paper to review the achievements on 
the engineering side or to mention the 
important men responsible for the main 
results. There is even a large research 
field in fatigue of metals, apart from 
research on mechanism of failure, deal- 
ing with effects of varying loads, under- 
stressing, overstressing, size effect, notch 
effect, application of statistical theory, 
etc. Again these are outside the scope 
of the present paper.'® 

In the present paper we have noted 
how the limited knowledge of the early 
1800’s with regard to mechanics of ma- 
terials was entirely inadequate to ex- 
plain the mysterious failures occurring 
due to the advent of steam-driven ma- 
chinery. The metal presumably “crys- 
tallized,” but it was not generally 
realized that repetition of loading was 
involved. We have noted how the 
concept of an endurance limit was es- 
tablished. We have also seen how the 
“crystallization theory” of a century 
ago has been proved unsound by metal- 
lographic studies. Further, we have 
noted outstanding work in more recent 
times with single crystals and groups of 


16 Reviews of a broader nature have been pub- 
lished in recent years (39, 43). 
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a few crystals. The mechanism of slip 
in accordance with maximum resolved 
shear stress has been mentioned. At- 
tention has been called to the common 
ground of plasticity and fatigue. The 
use of the X-ray diffraction method has 
also been noted, as well as possible use of 
the electron microscope. Conditions 
of failure in glass and in lead at room 
temperature and in steel at high tem- 
perature have been mentioned. 

In conclusion, while we have learned 
a great deal about the nature of fatigue 
of metals in the past 100 years, it is ap- 
parent that the mechanism of slip, of 
creep-rupture, and of fatigue cracking 
afford ample opportunities for research. 
It is hoped that this brief paper will 
serve to stimulate further work in this 
field, and that the review and refer- 
ences given will be helpful to those 
contemplating work aimed at furthering 
our knowledge of the mechanisn of fail- 
ure of materials. 
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have to thank Mr. Peterson for his 
paper on fatigue of metals in which the 
most important steps of the develop- 
ment in this important field are briefly 
discussed and the principal bibliography 
is presented. It seems very desirable 
to have made from time to time by 
experts such reviews of various fields of 
testing materials. 

To me the historical part of the paper 
is especially interesting. Peterson tells 
us about discussions on fatigue of metals 
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in the London meeting of the Institution 
of Mechanical Engineers. England was 
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development of machine industry and 
in railway construction. There were 
new problems for engineers to solve, new 
materials to be investigated, and the 
question of fatigue of metals was of 
primary importance for English engi- 
neers. That was the time when the 
famous ‘Report of the commissioners 
appointed to inquire into the applica- 
tion of iron to railway structures” was 
published (1849), and the English 
Board of Trade tried to formulate some 
requirements regarding safe stresses in 
bridge construction. 

Similar interest in fatigue of metals 
we see also in other countries. Re- 
cently I have read reports? of two 
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French engineers in charge of poe 
coaches on French highways. Ori 
basis of twelve years of experience # 
came to the conclusion that the : 
must be renovated after every 6 
kilometers of service, since it is || 
that due to stress fluctuation and 
peated impact in that service, , 
cracks may be developed in the > 
in the places of sharp change of ¢ 
section. They say that if proper ai 
tion is not given, these cracks gradifl 
develop under service conditions|) 
finally bring fractures of axles. 
recommend eliminating sharp cheé 
in cross-sectional dimensions and | 

¢ 


reentrant corners from which the 
usually start to develop. In co} 
sion they give sketches illustri 


| 
February 1 


It 


1al development of fatigue cracks. 
garding the term “‘fatigue,”’ which 
thor ascribes to Mr. Braithwaite 
), it seems that in France this 
fwas used earlier. I find that J. V. 
alet in his lectures on applied 
fanics’ (1839), given to workers in 
, speaks of “fatigue” of metals 
i; the action of repeated reversal of 
e concept of ‘endurance limit” 
be ascribed, in my opinion, to A. 
er. The investigators, H. James 
D. Galton, who worked in fatigue 
e Wohler, do not speak of magni- 
of stresses in bars subjected to re- 
sd transverse loading and unload- 
They arrange the experiments so 
the maximum deflection, in their 
represents the deflection which 
1 be produced by a definite por- 
of the ultimate load. But since 
e fracture occurs the bars obtain 
derable permanent set, we cannot 
a definite conclusion regarding 
mum stresses used in those experi- 
s. At the same time the concept 
endurance limit’’ is closely con- 
d with the notion of the “limiting 
” 


S¥chler in his work of 1856-18574 


each particular material can a designer 
properly select safe dimensions of axles. 
When we read Wohler’s work today 
we can clearly see that this work is de- 
veloped on a much higher scientific level 
than all investigations made before him, 
and it seems there is no mistake if we 
place Wohler as the first engineer who 
brought scientifie methods to the in- 
vestigation of fatigue of materials. 
Mr. R. E. Pererson (author’s clos- 
ure).—It is rather interesting that the 
Timoshenko discussion concerns the 
part of the paper dealing with the early 
history of fatigue. The author must 
admit that he had some doubts about 
this part of the paper, stemming partly 
from a feeling of treading unfamiliar 
ground and partly from wondering 
whether readers would really be inter- 
ested in early historical material. If 
we find some pleasure discussing such 
material, perhaps we will feel better 
about using some of the Society’s 
valuable space if we recall the adage of 
Cicero ‘He who knows only his own 
generation remains always a child.” 
Timoshenko states that the concept 
of “endurance limit’? must be ascribed 
to Wohler, whereas the author associ- 
ated this concept with the names of 


James and Galton, Fairbairn and 
Wohler. As the result of tests of iron 
bars repeatedly deflected by a cam 
(Fig. 1), James and Galton in the 1849 
Commission Report® state: ‘It must 
therefore be concluded that iron bars 
will scarcely bear the reiterated appli- 
cation of one third their breaking weight 
without injury.” The cast-iron bars 
tested as simple beams were 3 in. 
square and had a span of 135 ft. The 
static breaking deflection was about 
53 in. During cyclic testing a per- 
manent set of about ¢ in. occurred 
within the first 150 cycles, although 
some bars failed at 20,000 to 50,000 
cycles. The cam was adjusted every 
50 cycles early in the test to take 
account of the permanent set. It seems 
that such a testing procedure should 
not invalidate their conclusions, partic- 
ularly the general idea of a limiting 
value. 

Unfortunately, the interesting results 
of James and Galton do not seem to have 
been presented formally before a techni- 


5 “‘Report of the Commissioners appointed to 
inquire into the application of Iron to Railway 
Structures,’’ Wm. Clowes and Sons, London, for 
her Majesty’s Stationery Office (1849). A copy 
is on file in the British Patent Office, London. 


eture of railway axles proceeds in 
ectly logical way: Using certain 
s, which he developed himself, 
sasures the maximum deforma- 
of axles in bending and torsion 
service conditions. Using now a 
1ometer he establishes by the 
test the forces which must act on 
n service and calculates the cor- 
ding peak stresses. Having this 
ation he plans his experimental 
nd tries, by application of a large 
r of cycles of reversal of stresses, 
lish for each material the limit- 
ess which can be safely applied 
efinitely large number of times. 
yy having this limiting stress for 
Shon eet reed aiditiom, ‘This edi 


reprint of second edition of 1839. 
schrift fiir Bauwwesen, Vol. 8, p. 641 (1858). 


ary 1950 
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Fig. 2..-Apparatus Suggested by Fairbairn. 


ASTM BULLETIN 


(TP67) 55 


cal society. However, Fairbairn,’ in 
discussing the Torksey bridge before 
the Institution of Civil Engineers on 
March 12, 1850, states (referring to the 
Commission Report) “it has been shown 
that to resist the effects of reiterated 
flexure, iron should scarcely be allowed 
to suffer a deflection equal to one third 
of its ultimate deflection.” 

As mentioned in the present paper, 
the significance of the James and Galton 
findings did not seem to be fully appre- 
ciated at the time; while the results 
were discussed before the Institution of 
Civil Engineers (as mentioned above), 
there is no recorded discussion of the 
results in the meetings of the Institu- 
tion of Mechanical Engineers, which 
occurred at about the same time and 
which are discussed in some detail in 
the present paper. This is perhaps not 
surprising since the Commission was 
appointed “to inquire into the applica- 
tion of iron to railway structures’? and 
the men who guided the tests were 


6 W. Fairbairn, “On Tubular Girder Gridees, 
Proceedings, Inst. Civil Engrs., Vol. 9, p. 278 
(1849 1850). Meeting of March 12, 1850. 

The Commission was appointed at the Court 
of St. James under the sponsorship of Queen 
Victoria, August 27, 1847. The purpose is de- 
fined as follows: ‘‘...shall endeavour to ascer- 
tain such principles and form such rules as may 
enable the Engineer or Mechanic, in their respec- 
tive spheres, to apply the Metal with confidence, 
and shall illustrate by theory and experiment the 
action which takes place under varying circum- 
stances in Iron Railway Bridges which have been 
constructed.”” 


mainly interested in bridges. How- 
ever, the findings were quite general 
and applicable to other problems. 
But in fairness to the mechanical engi- 
neers, it should be realized that it must 
not have been altogether obvious that 
there is a connection between a test 
wherein a piece is bent back and forth 
anda rotating railway axle subjected to a 
substantially constant bending moment. 

Further mention of the James and 
Galton findings occurred in later meet- 
ings of the Institution of Civil Engi- 
neers, and the statement quoted was 
usually the general one of James and 
Galton (1849), which expresses a limiting 
value for iron and makes no reference 
to bridge design. Since Wéhler pub- 
lished a sketch of his machine in 1858 
and published his first results in 1860 it 
would seem that the idea of a limiting 
value existed earlier. 

This is not meant in any way to de- 
tract from the monumental work of 
Wohler. The excellence of his testing 
machine designs and the logical progress 
of his experiments can only be appreci- 
ated by studying his original papers. 
It is safe to say that Wohler did not 
know about the British work, just as 
the British in reporting Wohler’s work 
did not know about the James and 
Galton work. The story of Wohler’s 
classic work should be told, but this will 
need to be done elsewhere. 


In passing, it is of interest to no 
that in a letter to the “Iron Comm) 
sion” dated December 16, 1847, Fa 
bairn suggested the apparatus shown! 
Fig. 2. He states that “In the prese 
state of our knowledge the subject | 
the effects of vibratory action ups 
metals is but imperfectly understood. . 
In the suggestions which I have # 
thrown out for consideration, I ha 
confined myself almost exclusively , 
experiments on a small scale wh’ 
might be done at moderate expense, . J. 
The James and Galton machine (Fig. 
was apparently an outcome of Fat 
bairn’s recommendations. 

It seems that our discussion of ’ 
present paper has been concerned |: 
tirely with the state of knowledge ex} 
ing a century ago; in this situation p) 
haps we should agree with the in 
ductory remarks of the author of # 
History of the Institution of Mechan 
Engineers 1847-1947: ‘To add 
technical interest to the story, a nw 
ber of the discussions of the first | 
century have been considered with fj 
object of indicating the opinions |) 
practices of the period. The discussy 
of the second half-century are too r 
our own time for any such selection 
be justifiable at present and the dutif 
making it can better be left to some # 
torian fifty years hence.” 


Modern Steels and Their Properties 


RECENTLY issued by Beth- 
lehem Steel Co. is a significant handbook 
covering “Modern Steels and Their Prop- 
erties.” This relates particularly to car- 
‘bon and alloy steel bars. Comprising 230 
pages, 6 by 9-in. page size, the book is in- 
tended to provide authoritative, but down- 
to-earth information on bars and_ bar 
material. Following a brief metallurgical 
introduction, there are a number of short 
articles on current developments together 
with numerous up-to-date tables of data. 
There is also included a glossary of terms. 

The section devoted to carbon steel 
charts, comprises some 40 pages; those 
relating to alloy, about 60 pages. For 


each steel there is a properties chart- 


showing average values and on a facing 
page, data on mass effect. There is 
information on the end-quench harden- 
ability test, with typical hardenability 
curves for the various grades. 

Some of the short technical articles re- 
late to machinability, grain size, quenching 
media, magnetic analysis, supersonics, the 
P-F test, and others. 

Copies of the publication will be dis- 
tributed to those making application to 
the Publications Dept., Bethlehem Steel 
Co., Inc., Bethlehem, Pa. 
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Evaluation of Residual Stress 
K. Heindlhofer 


In uts new book, Mr. Heindl- 
hofer, Physicist, Research Laboratory, 
United States Steel Corp., provides an 
advanced treatise on the nature, detec- 
tion, measurement, and analysis of re- 
sidual stress. It enables the student to 
use various recently invented instru- 
ments, such as electric strain gages, in the 
effective study of residual stress, and to 
interpret the results with accuracy. 

Following an exposition of the signifi- 
cance of residual stress in the metal indus- 
try, the author discusses the limitation 
imposed on stress analysis by anisotropy 
as exhibited by metals having a pro- 
nounced preferred orientation. 

Pertinent phases of the theory of elastic- 
ity and the critical representation of the 
data are then examined, and the impossi- 
bility of calculating residual stress within 
the body from observations restricted to 
the surface is discussed. 

Two chapters are devoted to methods of 
observation and necessary instruments 
and circuits. The book concludes with ex- 
amples of residual stress. 

Having 196 pages, the book may be ob- 
tained at $4 per copy from the McGraw- 
Hill Book Co., 330 West 42nd St., New 
YOrkI SNe: 
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Electrons, Atoms, Metals, and Aft 
William Hume-Rothery 


Tue application of ele 
theory to the structure and properti 
metals and alloys has aroused much nj 
est, but presents great difficulty tof 
nonmathematical reader. This |} 
“Hlectrons, Atoms, Metals, and Alli 
by Dr. William Hume-Rothery, Lec» 
University of Oxford, England, 1 
tended for the reader to whom the ord 
textbook descriptions are unattract 
The subject matter is divided intoi® 
parts dealing with the structure of af 
metals, alloys, and atomic nuclei. |) 
presented in the form of a dialogue bey 
an older metallurgist and a young #& 
tist, and brings out clearly the cov 
between the old and new viewp 
Although written primarily for® 
metallurgical reader, many other) 
find the book valuable as an eleme? 
introduction to modern atomic t/® 
while for many students the book#) 
serve as an easy introduction to the? 
formal treatment of the standard) ® 
books. 

This 377-page book is distribut)™ 
lliffe & Sons, Ltd. Dorset House, ||) 
ford St., London SE. 1, England}! 
nominal ‘cost. | 
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rence on Application of Radio- 
Isotopes to Materials Testing 


A CONFERENCE will be 


0 p.m., in the William Penn Hotel, 
ich consideration will be given to 
Ivisability of organizing a com- 
» on the use of radioactive iso- 
in testing. 
umber of uses are now being made 
se isotopes in various testing prob- 
some of these are set forth in the 
Marburg Lecture by Dr. Aeber- 
/particularly in chemical analysis, 
‘may well be that these uses will be 
led quite rapidly. 
his conference it is intended to 
the engineering applications of 
es and ascertain whether such a 
ittee should be set up in the 
y to advise the various technical 
ttees on problems of testing 
radioactive isotopes would be 


Monte Carlo Method (?) 


In a GaLaxy of authorities 
perts such as constitute the Society 
rship and BULLETIN readers, one 
expect to learn of different systems 
chniques that might be used in 
stion with devices and games used 
ract “coin of the realm” from those 
re willing to take a chance on the 
1ent returns from such hazards. 
ly, the following excerpt from a 
a will not reveal any technique 
reaking the bank at Monte Carlo.” 
ply is an example of nomenclature 
ary in certain specialized fields. 
slates to a symposium of numerical 
is. This is a new branch of applied 
matics. Those interested can get 
© information by contacting the 
1al1 Bureau of Standards in Wash- 


e Monte Carlo method can be de- 
| quite generally as representation 
sical or mathematical system by a 
ng operation satisfying the same 
vility laws as the system itself. 
for example, the numerical integra- 
‘ partial differential equations of a 
. type can be accomplished by 
ig up a large sample of trials of cer- 
»chastic processes whose probability 
ms asymptotically satisfy the dif- 
al equations. In certain physical 
ons, the physicist may prefer to 
primary emphasis on the random 
ses and the associated sampling 
ions, regarding them as a new kind 
nematical model.” 


‘e you are! You place your money 
ips. We’re not responsible! 


Proceedings of the American 
-Preservers’ Association 


1949 Proceedings of the American 
Preservers’ Association is now avail- 


ry 1950 


able. With this edition a new format and 
larger page size has been adopted repre- 
senting the first change in form since the 
first volume was published in 1905. This 
Proceedings contains fifteen technical 
papers and thirty-three reports of standing 
committees. Subjects discussed provide a 
broad account of the many phases of wood 
preservation including preservatives, treat- 
ment methods, and service records. Ap- 
plications of wood ‘preserving techniques 
in such fields as railroads, communications, 
and mining are dealt with. Important 
supplementary matter includes ‘Wood 
Preservation Statistics” for the year 1948, 
collected and compiled by Henry B. Steer 
of the U. 8. Forest Service. Two hundred 
and fifty wood preserving plants in the 
United States are also listed. 

The A.W.P.A. Proceedings are published 
by the headquarters office of the Associa- 
tion, 839 Seventeenth St., N.W., Wash- 
ington 6, D. C. 


Doehler Award—American Die 
Casting Institute 


“For outstanding contribu- 
tions to the advancement of the die casting 
industry and process,” the Doehler Plaque 
and a $500 honorarium is awarded each 
year to the most eligible individual, group, 
technical society, or technical society 
committee. 

Presented each September during its 
Annual Meeting by the American Die 
Casting Institute, the award is based on 
the year’s outstanding contribution which 


may be (1) a technical achievement, (2) an 
advancement in plant operation, or (3) an 
enhancement of the reputation and ac- 
ceptability of die casting although not 
primarily of a scientific or operational 
nature. 

Nomination and supporting papers are 
received annually from January 1 to 
April 30, by the Award Committee, Ameri- 
can Die Casting Institute, 366 Madison 
Ave., New York 17, N. Y. 


Proceedings of the Asphalt Paving Tech- 
nologists 


Copies of Volume 18 of the Proceedings 
of the Association of Asphalt Paving 
Technologists for 1949 are now available. 
This covers the technical sessions of the 
association held at Detroit, Mich., on 
February 14 and 15, 1949. 

Papers presented in the afternoon ses- 
sion, February 14 and morning and after- 
noon sessions of February 15 are published 
in this volume. These papers should be 
of considerable interest to those concerned 
in bituminous paving, covering such phases 
as the cause and treatment of slippery 
pavements; the effect of fillers on the 
durability of asphalt; paving mixture 
design; several methods of testing includ- 
ing the triaxial stability method and other 
papers of similar interest. Copies may be 
obtained from the Secretary-Treasurer, 
1224 Hast Engineering Building, Ann 
Arbor, Mich., at a price of $4. 
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